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T is estimated that fully 80 per cent of 
surgeons in America today use catgut ex- 
clusively as their suture material; and, 
while the remainder use silk or some other 

nonabsorbable material, they usually employ 
catgut whenever silk is contraindicated. More- 
over, in wounds which are or may become con- 
taminated, catgut is the overwhelming choice 
with practically all surgeons. 


TISSUE REACTION 


The character of cell reaction against any 
suture where the patient’s capacity to respond 
is within normal limits is identical: an initial 
polymorphonuclear infiltration is followed by 
the presence of more mature mononuclear 
cells and then by fibroblasts. This cell reac- 
tion is simply an attempt to dissolve, digest, 
absorb, get rid of, something which is not 
meant to be a part of the human body. The 
cellular reaction from the time the suture is 
embedded until its complete disappearance 
varies little from the reaction of the protective 
mechanism when combating bacterial inva- 
sion. In the case of catgut the reaction is 
acute, and absorption of the strand is rapid; 
in the case of silk or cotton it is prolonged. 
The initial attempts at removal of nonab- 
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sorbable sutures are the same as with catgut; 
but, in the case of silk, the phagocytic cells 
are confronted with the problem of digesting 
one of the most resistant fibers. Unable to do 
otherwise, they quarantine the undesirable 
strand in a capsule of fibroconnective tissue. 
To epitomize, catgut strands, plain or chro- 
mic, silk or cotton, twisted or braided, all pro- 
duce cell reactions which are similar in char- 
acter in the first few days after being em- 
bedded in normal tissue. The degree of this 
reaction, however, varies with the resistance 
of the patient and the nature of the suture 
strand. 

In 1940 I presented evidence (2) in the case 
of catgut which showed that, regardless of 
anything else such as method of processing 
or the tubing fluid used, the quantity of suture 
material is the chief cause of tissue reaction. 
Gross and microscopic sections showing the 
minimal tissue reaction accompanying the em- 
bedding of fine size catgut as compared with 
the larger sizes were presented. The tremen- 
dous increase in the use of the smaller sizes 
of catgut would seem to indicate that sur- 
geons have proved this point to their own 
satisfaction. 


PURPOSE OF INVESTIGATION 


Recently, the attention of the surgical pro- 
fession has been directed to the subject of tub- 
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ing fluids (4, 5, 6, 7), and the claim has been 
made that certain fluids are responsible for 
the rather marked tissue reactions sometimes 
provoked by surgical gut sutures. Not having 
encountered tissue reaction of the type de- 
scribed, my interest in sutures prompted a 
series of animal experiments to procure addi- 
tional information on the subject of catgut 
tubing fluids, and to establish definitely the 
part that tubing fluids play in tissue reaction. 


MATERIALS 


In the experimental work reported by Dun- 
ham and Jenkins (4, 6), it was stated that the 
amount of water-insoluble hydrocarbon (hi- 
flash solvent) present in alcoholic tubing fluid 
of most nonboilable surgical gut products has 
ranged from a trace up to as high as 10 per 
cent in some products, while in one product it 
ranged from 6 to 14 per cent. Through the 
co-operation of one of the larger catgut manu- 
facturers, a series of nonboilable catgut su- 
tures was prepared, tubed in ethyl alcohol 
containing percentages of hi-flash solvent 
ranging from o.1 per cent up through 1 per 
cent, 2.5 per cent, 4 per cent, 10 per cent and 
15 per cent. 

The suture material consisted of medium 
chromic catgut, size No. ooo, which is rela- 
tively small and, therefore, the possibility of 
tissue reaction caused by a large amount of 
foreign protein was eliminated. Dunham and 
Jenkins (4, 6) used this size in their experi- 
ments and further, medium chromic catgut 
was used in order to minimize tissue reaction 
caused by the suture material itself, inasmuch 
as Bates (1) has demonstrated that plain cat- 
gut excites a greater exudative response in 
the tissues than does mediym chromic catgut. 


SPECIES OF ANIMALS 


Series I. Fifteen rabbits and a similar num- 
ber of dogs were used. The rabbits were of 
more than 4'% pounds average weight. Dogs 
were used also because their tissue reaction 
to sutures and the anatomical structure of 
their stomachs closely resemble that of man. 
In a dog weighing 44 pounds the stomach is 
similar in structure, blood supply, and acid 
content to that of man. Vitamin, metabolic, 
and blood studies were conducted on the dogs 


for a period of approximately 2 months, at 
the end of which time the animals were 
divided into three groups: 

Group 1. This group was composed of 
healthy dogs that had received a balanced 
diet, with hemoglobin content, erythrocyte 
and leucocyte count, blood chemistry, vita- 
min C content, and kidney function within 
normal limits. Their average weight was 23 
pounds. 

Group 2. In this group were dogs with a re- 
duced blood volume but still healthy, average 
weight being 33 pounds. They had received 
a balanced diet; hemoglobin and vitamin C 
content, erythrocyte and leucocyte count, 
blood chemistry and kidney function had been 
determined. Anesthesia was induced by the 
intraperitoneal injection of sodium pentobar- 
bital. The internal jugular vein was can- 
nulized and enough blood was removed to 
reduce the blood pressure to 70 millimeters of 
mercury. This blood pressure was main- 
tained for 30 minutes by the withdrawal, when 
necessary, of a sufficient amount of blood. A 
special colloidal solution of hemoglobin was 
then injected in sufficient quantity to bring 
the blood pressure to within prehemorrhage 
level, and the studies made prior to operation 
were repeated. The animals were then per- 
mitted to recover and at varying periods of 
time, blood studies were repeated. 

In some of these animals sutures were im- 
planted within a few days after blood replace- 
ment. While they had recovered from shock, 
their total hemoglobin, as well as the red cell 
count, was reduced; the vitamin C content, 
however, was within normal limits. The re- 
sults of the implantation of No. coo chromic 
catgut are shown in Figures 3 and 4. 

Group 3. In this group were dogs in a state 
of malnutrition. Some had been operated on 
previously. Despite the fact that an attempt 
was made to improve their physical state, 
their appetites were not good and they had 
continued to lose weight, which averaged 20 
pounds at operation. Their hemoglobin con- 
tent, erythrocyte and leucocyte count were 
about 50 per cent of normal and the vitamin 
C content had been reduced 25 per cent. 

The results of implantation of No. ooo 
chromic sutures in the stomachs of these dogs 


il 

a 

n 

t 

il 

te 

il 

W 

ca 

of 

pe 

be 

fla 

gre 


BOWER: FALLACY OF SURGICAL GUT TUBING FLUID AS IRRITANT 227 


Fig. 1. Scorbutic dog. Tissue containing chromic catgut 
No. ooo was removed from stomach at end of 5 days. The 
suture had been tubed in ethyl alcohol from which all 
trace of hi-flash solvent had been removed. Leucocytic 
infiltration greater than in next section. X60. 


are shown in Figures 1 and 2. Five day speci- 
mens were selected because of the maximal 
tissue reaction usually present at this time. 


EXPERIMENTAL METHODS 


Series 1. The rabbits were anesthetized by 
intravenous sodium pentobarbital. Aseptic 
technique was used. Midvertical epigastric 
incisions were made. The sutures, saturated 
with the tubing fluid, were embedded beneath 


Fig. 3. Shock induced dog. Tissue containing chromic 
catgut No. ooo was removed from the stomach at the end 
of 10 days. Shock had been induced by withdrawal of 30 
per cent of blood volume (see protocol). The suture had 
been tubed in ethyl alcohol from which all trace of hi- 
flash solvent had been removed. Leucocyte infiltration 
greater than in following section. X60. 


Fig. 2. Scorbutic dog. Tissue containing chromic catgut 
No. 000 was removed from the stomach at the end of 5 
days. The suture had been tubed in ethy] alcohol contain- 
ing 15 per cent of hi-flash solvent. Leucocytic infiltration 
minimal. Compare with Figure 1. X60. 


the serosa of the anterior gastric wall imme- 
diately after removal from the glass tubes. 
As a control, I used medium chromic catgut 
sutures tubed in ethyl alcohol from which all 
trace of hi-flash solvent was removed. The 
animals were sacrificed on the 5th, roth, and 
20th days, and blocks of tissue were removed. 

Microscopic examination showed a minimal 
degree of tissue reaction in all animals. The 
degree of tissue reaction produced by sutures 


Fig. 4. Shock induced dog. Tissue containing chromic 
catgut No. ooo was removed from the stomach at the end 
of 10 days. Shock had been induced by withdrawal of 
30 per cent of blood volume (see protocol). The suture 
had been tubed in ethyl alcohol containing 15 per cent of 
hi-flash solvent. Leucocytic infiltration absent. Compare 
with Figure 3. X60. 
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Fig. 5. Normal dog. Tissue containing chromic catgut 
No. 000 was removed from stomach at the end of 10 days. 
The suture had been tubed in ethy] alcohol from which all 
trace of hi-flash solvent had been removed. Leucocytic 
infiltration marked—degree of fibrosis less than in Figure 
6. X30. 


which had been in tubing fluids containing 
varying degrees of hi-flash solvent was no 
greater than that caused by the control su- 
tures tubed in alcohol from which all trace of 
the solvent had been removed. 

Based on the results of these experiments, it 
seemed as if some other factors not taken into 
consideration might account for the difference 
in these results as compared with those re- 
ported by Dunham and Jenkins (4, 6). There- 
fore, it was decided to conduct a second series 
of experiments using a similar set of sutures 
and tubing fluids. 

Series 2. For this second series of experi- 
ments, however, dogs were used exclusively 
for the reasons stated. Moreover, in the expe- 
riments reported by Dunham and Jenkins 
dogs were employed. In order to remove all 
possible factors which might account for the 
difference in results between their experi- 
ments and mine, dogs were selected on which 
vitamin, metabolic, and blood studies had 
been conducted so that each animal’s physical 
condition was known. Ether anesthesia was 
employed. The abdomen of each animal was 
prepared by shaving and washing with alco- 
hol. Aseptic technique was used throughout. 
A midvertical epigastric incision was made, 
the edges of the incision were protected with 
sterile drapes, and the dog’s stomach was de- 
livered. The sutures to be tested were placed 
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Fig. 6. Normal dog. Tissue containing chromic catgut 
No. 000 was removed from stomach at the end of 10 days. 
The suture had been tubed in ethyl alcohol containing 214 
per cent of hi-flash solvent. Leucocytic infiltration in this 
specimen is minimal—fibroblastic response excellent. 
X60, 


vertically beneath the serosa in the anterior 
gastric wall immediately after removal from 
the glass tubes so that the sutures were satu- 
rated with the tubing fluid, and exposed to 
the air less than 1 minute. Both ends of the 
suture were marked with a single interrupted 
black silk suture. The animals were given 
water at the end of 24 hours, soft mash in 
moderate quantity at the end of 48 hours, and 
regular diet after 72 hours. The wounds 
healed normally without exception. The 
animals were sacrificed on the 5th, roth, and 
20th days, and sections of the stomach were 
removed for microscopic study. At autopsy 
the gross appearance of all the dogs’ stomachs 
was similar. 


DISCUSSION 


Experimental work (2, 3) reported in 1940 
and 1942 gave an accurate estimate of the 
comparative degree of tissue reaction, follow- 
ing the embedding of catgut strands of vary- 
ing character; and it proved the value of a 
study of the gross and microscopic tissue 
changes. It can be assumed that the mechan- 
ism designed to dispose of the foreign body 
(suture) would of necessity first attack the ex- 
terior coating which, in this instance, would 
be the tubing fluid; and that the disintegrat- 
ing action once begun would continue until 
completed. 
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Fig. 7. Normal dog. Tissue containing chromic catgut 
No, 000 was removed from the stomach at the end of 10 
days. The suture had been tubed in ethyl alcohol contain- 
ing 4 per cent of hi-flash solvent. Leucocytic infiltration 
minimal. Fibroblastic response satisfactory. X60. 


A review of the microscopic changes ob- 
served in the accompanying photomicro- 
graphs shows that this actually occurs. Poly- 
morphonuclear infiltration occurs first and is 
greatest in the 5 day specimen regardless of 
whether hi-flash solvent was present in the 
tubing fluid—in fact, it is greatest in those 
specimens containing the control sutures 
whose tubing fluid did not contain any hi- 
flash solvent (Fig. 1). 

In 1o day specimens, the tissue reaction 
was consistently less than in the 5 day speci- 
mens, regardless of the amount of hi-flash 
solvent in the tubing fluid. In the 20 day 
specimens, the tissue reaction was still less 
than in the 10 day specimens. 

These results lend no basis whatever to the 
claim made by Dunham and Jenkins: “The 
magnitude of irritant action, which in some 
products was rather excessive, was propor- 
tional to the amount of water-insoluble liquid 
(hi-flash solvent) in the alcoholic tubing fluid.” 
As already mentioned, the tissue reaction was 
not related to the amount of hi-flash solvent 
in the tubing fluid. In fact, the minimal de- 
gree of tissue reaction occurred with sutures 
tubed in ethyl alcohol which contained a high 
percentage of hi-flash solvent (Fig. 8). 

If then the tubing fluid is not the cause of 
the intense tissue reaction described by Dun- 
ham and Jenkins (4, 6), what is? If the tubing 


Fig. 8. Normal dog. Tissue containing chromic catgut 
No. 000 was removed from the stomach at the end of 10 
days. The suture had been tubed in ethyl alcohol contain- 
ing 10 per cent of hi-flash solvent. Leucocytic infiltration 
minimal. Fibroblastic response excellent. X60. 


fluid has been absorbed and disposed of early, 
then the only material remaining which could 
call out a leucocytic response of such intensity 
is the catgut strand itself and the chemicals 
which were incorporated in it during the proc- 
essing. 

As previously mentioned, whether it be 
catgut, silk, or cotton, leucocytes attack the 
suture and attempt to dispose of it as long 
as it remains in the body. Figures 15 and 16 
show cross sections of size No. o silk tubed in 
xylene which were removed from rabbits at 
the end of 14 days. The low power lens (X 60) 
shows absence of leucocytic infiltration at 
the periphery. The high power (X 260) 
shows leucocytes surrounding the individual 
fibers. This is further evidence that the 
strand itself and not the tubing fluid is the 
cause of the tissue reaction. 

The microscopic sections are presented in 
three groups: Group 1, normal dogs, 10 day 
and 20 day; Group 2, convalescent partially 
exsanguinated dogs—similar to patient op- 
erated on in shock; that is, ectopic pregnancy 
or bleeding duodenal ulcer, 10 day and 20 day; 
Group 3, scorbutic dogs, 5 day and 10 day. 

The first two groups of photomicrographs 
show very little difference in tissue reaction. 
The tissues of most animals, and this includes 
man as well as the dog, heal normally in the 
presence of a reduced blood volume. Photo- 
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Fig. 9. Normal dog. Tissue containing chromic catgut 
No. 000 was removed from the stomach at the end of 20 
days. The suture had been tubed in ethyl alcohol from 
which all trace of hi-flash solvent had been removed. 
Leucocytic infiltration minimal. Fibroblastic formation 
well advanced. X60. 


micrographs of both 1o day and 20 day speci- 
mens show this clearly; the degree of tissue 
reaction and absorption of the strand are 
almost identical. In the third group, the 
scorbutic dogs, the 10 day specimen shows 
very little difference from that of the normal 
animal. 

The photomicrographs are presented with a 
low magnification because examination of the 
entire section is necessary to draw any ac- 
curate conclusions. 


Fig. 10. Normal dog. Tissue containing chromic catgut 
No. coo was removed from the stomach at the end of 20 
days. The suture had been tubed in ethyl alcohol contain- 
ing 10 per cent of hi-flash solvent. Leucocytic infiltration 
absent. Fibroblastic formation more advanced than in 
Figure 9. X60. 


Ethyl and isopropyl alcohols. There is a 
very pertinent matter mentioned by Dunham 
and Jenkins (4) concerning the nature of the 
alcoholic tubing fluid. They reported that 
some manufacturers employ tubing fluids con- 
taining isopropyl alcohol for nonboilable sur- 
gical gut, while others use ethyl alcohol. It 
seemed important in this study to investi- 
gate these two alcohols for use as tubing fluid. 
A third series of animal experiments were 
carried out in which cotton sutures sterilized 


Fig. 11. Cotton strand, size No. o, tubed in ethyl alcohol, 
placed beneath serosa of rabbit’s stomach direct from tube 
—tubing fluid not washed off. Tissue containing cotton 
strand removed after 3 days. Leucocytic infiltration ab- 
sent. X60. 


Fig. 12.. Cotton strand, size No. 0, tubed in isopropyl 
alcohol, placed beneath serosa of rabbit’s stomach direct 
from tube—tubing fluid not washed off. Tissue containing 
cotton strand removed after 3 days. Moderate leucocytic 
infiltration. X60. 
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Fig. 13. Chromic catgut No. 000, tubed in xylene. 
Placed beneath serosa of rabbit’s stomach direct from tube 
—tubing fluid not washed off. Tissue containing catgut 
strand removed after 5 days. Leucocytic infiltration min- 
imal. X60, 


in each of these alcohols were used to deter- 
mine the effect of each. 

Series 3. Fifteen rabbits were used. The 
average weight of the animals was over 41% 
pounds. Anesthesia was induced by intra- 
venous sodium pentobarbital. Aseptic tech- 
nique was used throughout. The sutures were 
embedded in the anterior abdominal wall be- 
neath the sheath of the rectus muscles imme- 
diately after removal from the tubes so that 
they were still saturated with the tubing 
fluids. The animals were sacrificed at inter- 
vals of 1, 3, and 5 days, and microscopic 
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Fig. 14. Chromic catgut No. 000, sterilized dry without 
tubing fluid, placed beneath serosa of rabbit’s stomach, 
Tissue containing catgut strand removed after 5 days. 
Leucocytic infiltration marked—beginning absorption of 
strand. X60, 


studies of blocks of tissue showed that the de- 
gree of tissue reaction induced by the sutures 
tubed in isopropyl alcohol was at least twice 
as great as that produced by the sutures 
tubed in ethyl alcohol (Figs. 11 and 12). 
Xylene tubing fluid. Dunham and Jenkins 
(4) reported that xylene used as a tubing fluid 
for the boilable type of surgical gut is a potent 
tissue irritant and in some tissues becomes a 
necrosing agent. They stated that if manu- 
facturers are unable to provide an anhydrous 
liquid for boilable surgical gut which is harm- 
less to tissues “it would appear appropriate 


Fig. 15. Silk suture size No. o, tubed in xylene. Em- 
bedded in the stomach of a rabbit; tissue containing silk 
strand removed after 14 days. Note absence of leucocytic 
infiltration at periphery. 


Fig. 16. High power magnification of Figure 15. Note 
infiltration of fibers with leucocytes. X 260. Figures 15 and 
16 show tissue irritation, evidenced by leucocytic infiltra- 
tion, is caused by silk strand, not xylene tubing fluid. 


zut 
20 
ion 
in 
a 
4m. 
che 
at 
on- 
ur- 
It 
sti- 
lid. 
ere 
zed 
= 


232 


to suggest marketing boilable products with- 
out any tubing fluid.”” For the purpose of 
comparing tissue reactions produced by sur- 
gical gut tubed in xylene and surgical gut 
sealed in tubes without any tubing fluid, I 
conducted a fourth series of animal experi- 
ments. Medium chromic catgut, size No. cco, 
was used; some of the sutures being tubed in 
xylene and sterilized after the usual manner 
of preparing boilable surgical gut, while the 
remaining sutures were placed in dry tubes, 
the tubes sealed and sterilized. 

Series 4. Thirty healthy rabbits whose 
average weight was over 44 pounds were 
used for the tests. Anesthesia was induced by 
intravenous sodium pentobarbital and aseptic 
technique used throughout. Midvertical epi- 
gastric incisions were made and the sutures 
embedded beneath the gastric serosa. In one 
group of animals the sutures were embedded 
in the tissues directly as they came from the 
glass tubes so that the sutures tubed in xylene 
carried the anhydrous liquid directly into the 
tissues. In the other group of animals the 
sutures were first immersed in warm sterile 
water before being embedded in the tissues so 
that the xylene on the surface of the strands 
was removed. This procedure also served to 
soften the dry sterilized sutures and thus 
lessen tissue trauma. The animals were sac- 
rificed on the rst, 3d, and 5th days and blocks 
of tissue were removed for microscopic exam- 
ination. 

A study of the specimens showed that in 
both groups of animals the degree of tissue 
reaction, as shown by polymorphonuclear in- 
filtration, was from 50 per cent to 3co per 
cent greater around the sutures that were 
sterilized dry in the tubes than around the 
sutures that were tubed in xylene (Figs. 13 
and 14). The explanation of these results lies 
in the fact that when sutures are sterilized 
dry, a smal! quantity of a mixture of fat and 
fatty acids remains in the suture and acts as 
a tissue irritant. However, when the sutures 
are sterilized in xylene, this hydrocarbon ex- 
tracts this mixture of fat and fatty acids, and 
the fatty extract remains in the tubing fluid 
in the tube. From this series of experiments 
it is clearly evident that xylene as a tubing 
fluid does not produce tissue irritation. Like- 
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wise, it is equally evident that it is not prac- 
tical to market boilable surgical gut dry be- 
cause of the excessive degree of tissue irrita- 
tion induced by dry-sterilized gut. 

To further investigate the possible irritant 
effect of xylene on the tissues, I conducted a 
fifth series of animal experiments. 

Series 5. Three rabbits, each weighing over 
4% pounds, were used. Each was anesthe- 
tized by means of intravenous sodium pento- 
barbital. The abdomen was shaved and 
prepared aseptically and a midvertical epi- 
gastric incision was made. To the stomach 
with attached omentum and the contiguous 
small and large intestines pure xylene was 
liberally applied by means of sterile cotton 
swabs. The incision was then closed. The 
animals were sacrificed on the 3d postopera- 
tive day. All 3 showed complete absence of 
tissue irritation—there was no free peritoneal 
fluid, no dilatation of the superficial vessels, 
no adhesions. The accompanying reproduc- 
tion in colors was made from a photograph 
taken after the autopsy. 


CONCLUSIONS 


1. The animal experiments herein reported, 
Series 1 and 2, demonstrate that nonboilable 
catgut tubing fluid, consisting of 95 per cent 
ethyl alcohol containing various percentages 
of hi-flash solvent, does not produce excessive 
tissue reaction (Figs. 2, 4, 6, 7, 8). 

2. Regardless of whether or not hi-flash 
solvent was present in the tubing fluid, tissue 
reaction is most marked in the 5 day speci- 
mens. In fact, the reaction is greatest in 
those specimens containing control sutures, 
the tubing fluid of which did not contain hi- 
flash solvent (Figs. 1 and 2). 

3. These results lend no basis to the pub- 
lished claim of others (4) that “The magni- 
tude of irritant action, which in some prod- 
ucts was rather excessive, was proportional to 
the amount of water-insoluble liquid (hi- 
flash solvent) in the alcoholic tubing fluid.” 
The results herein recorded show that tissue 
reaction is not related to the amount of hi- 
flash solvent in the tubing fluid. 

4. In Series 3 it has been shown that the 
degree of tissue reaction induced by catgut 
sutures tubed in isopropyl alcohol is at least 
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twice as great as that produced by sutures 
tubed in ethyl alcohol (Figs. 11 and 12). 

5. Series 4 demonstrates that the degree of 
tissue reaction around catgut sutures that 
were sterilized dry in the tubes (without any 
tubing fluid) was from 50 per cent to 300 per 
cent greater than that around sutures tubed in 
xylene. Not only do these experiments show 
that it is not practical to market catgut dry in 
the tubes without tubing fluid, but also the 
fact that xylene as a tubing fluid does not 
produce tissue irritation (Figs. 13 and 14). 

6. Conclusive evidence of the rapid ab- 
sorbability and lack of irritating action of 
xylene when brought in contact with normal 
animal tissue is presented in Series 5 of these 
experiments. A photograph in colors of the 
abdominal viscera of a rabbit 3 days after 
xylene had been liberally applied to the peri- 
toneal surface of the stomach and the in- 


testines, here reproduced, shows entire ab- 
sence of tissue irritation—no free peritoneal 
fluid, no dilatation of superficial vessels, no 
adhesions. 

7. The results of these animal experiments 
demonstrate the fallacy of the claims (4, 6) 
that catgut tubing fluids containing hi-flash 
solvent, ethyl alcohol, or xylene produce ex- 
cessive tissue irritation. 
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THECA CELL TUMORS OF THE OVARY 


A Clinical and Pathologic Study of Twenty-Three Cases 


(Including Thirteen New Cases) with a Review 


EDWARD A. BANNER, M.D., and MALCOLM B. DOCKERTY, M.D., Rochester, Minnesota 


URING the decade that has elapsed 
since Loeffler and Priesel (16, 17) 
gave the first accurate description 
of the ovarian neoplasm now var- 
iously known as thecoma or theca cell tumor, 
many examples of this gynecologic newcomer 
have been added to the medical literature 
(2-6, 10, 14, 19, 20). From the many excellent 
reviews on the subject the following observa- 
tions seem pertinent: (1) Theca cell tumor of 
the ovary is an established entity. (2) The 
tumor often produces estrogen, sometimes in 
amounts capable of influencing profoundly 
the physiologic processes of its host. (3) The 
tumor probably derives its origin from certain 
pluripotential mesenchymal cells of the ovar- 
ian cortex and is related on the one hand to 
the histologically mature fibroma and on the 
other to the comparatively dedifferentiated 
granulosa cell neoplasm. Controversy still ex- 
ists, however, in regard to certain clinical, 
pathologic, and physiologic aspects of the 
tumor and further statistical data are neces- 
sary to elucidate some of these issues. In the 
present report we hope to furnish some of 
these data in ananalysis of 23 cases of theca cell 
tumor seen and studied at the Mayo Clinic 
between the years 1910 and 1944, inclusive. 
Ten of these cases have been previously re- 
ported by one of us (Dockerty, 5) but these 
cases have been re-examined in the light of 
recent observations in staining reactions and 
of chemical assays of lipoid substance as ap- 
plied to theca cell tumors of the ovary. 


From the Department of Gynecology and Obstetrics, Mayo 
Foundation and the Section on Surgical Pathology, Mayo Clinic. 

Abridgment of thesis submitted by Dr. Banner to the Faculty 
of the Graduate School of the University of Minnesota in partial 
fulfillment of the requirements for the degree of M.S. in Ob- 
stetrics and Gynecology. 

Since this paper was written Dr. Banner has entered the armed 
services and is now a Lieutenant, M.C., Army of the United 
States. 


HISTORICAL DATA 


Inasmuch as all major articles dealing with 
the subject of theca cell tumors have devoted 
considerable attention to historical aspects, 
we wish to treat this phase of the subject in 
the light of more recent advances only. Geist 
and Spielman in 1935 (11), using an extract of 
tumor tissue, confirmed the clinical observa- 
tion of Melnick and Kanter (19) that theca 
cell tumors sometimes contain estrogenic sub- 
stance in considerable amounts. Others have 
confirmed this observation and Traut and 
Butterworth (24) expressed the opinion that, 
even though the amount of estrogenic hor- 
mone might be small, its effect on the endo- 
metrium and on the breast might well be 
maximal because of an unopposed hormonal 
action, inasmuch as absence of corpora lutea, 
and presumably of progesterone, has been 
constantly observed among patients suffering 
from the effects of theca cell tumors. More or 
less periodic postmenopausal bleeding in old 
women who had these neoplasms and the as- 
sociation, observed at pathologic examination, 
of proliferative or polypoid endometrium and 
fibromyomas were adduced as strong sup- 
portive evidence for “hyperestrinism.” Simi- 
larly interpreted was the occurrence of oligo- 
menorrhea or amenorrhea observed in occa- 
sional cases in which theca cell tumors affected 
younger women. Even more suggestive was 
the evidence cited by Kirshbaum and others 
(5,9, 23) that theca cell tumor, like its close 
“relative” the granulosa cell neoplasm, is 
sometimes associated with endometrial carci- 
noma. 

Although theca cell tumors were originally 
considered as luteinized fibromas—(xanthofi- 
bromas (16); and later, as arising from mature 
theca cells of the ovarian follicles (1), most 
investigators now feel with Fischel that these 
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tumors spring from ovarian cortical mesen- 
chyma. This hypothesis has had positive sup- 
port in the experimental work of Furth and 
Butterworth and of Geist, Gaines and Pollack 
(12), who, through the employment of roent- 
gen-rays, were able, in mice, to produce both 
granulosa cell and theca cell tumors of the 
ovary. Both types appeared to have mesen- 
chyma as their tissue of origin. This work ex- 
plained, among other things, the strange mi- 
croscopic picture of certain tumors described 
by various investigators who noted what 
seemed to be an admixture of granulosa cell 
and theca cell elements in the same tumor. 
Novak (21, 22) went so far as to state that no 
distinction should be made between the two 
types, and he suggested the term ‘‘feminizing 
mesenchymoma” to designate both. Inas- 
much, however, as granulosa cell tumor some- 
times occurs among children whereas no the- 
ca cell neoplasm has been described as occur- 
ring in the first decade of life, most investiga- 
tors favor supporting the concept that the two 
tumors are distinct entities. 

In matters of differential diagnosis by his- 
tologic methods, techniques employing the 
principle of silver impregnation have high- 
lighted recent developments. According to 
Wolfe and Neigus (25) formation of reticulum 
by the theca cells is an important distinguish- 
ing feature since granulosa cell tumors appar- 
ently do not elaborate this substance. Others 
have reported results which are at variance 
with these observations and have turned for 
the solution of the problem to chemical and 
histochemical methods for determination of 
lipoid fractions of the tumors in question. 
Greenblatt, Greenhill, and Brown (13) found 
that qualitative and quantitative assay of 
theca cell tumors yielded values for lipoid sub- 
stances which were different from the corre- 
sponding values for these substances when 
studied from such tumors as granulosa cell neo- 
plasm, dysgerminoma, Krukenberg’s tumors, 
and ovarian fibroma. This recent phase of the 
problem needs further investigation. 


MATERIAL AND METHODS 


The material for the present study was se- 
lected from a group of more than 600 solid and 
semisolid ovarian tumors seen in the division 


Fig. 1. Theca cell tumor, eas the formation of 
reticulum fibrils (silver impregnation method, X 100). 


of surgical pathology and the section on patho- 
logic anatomy of the Mayo Clinic between the 
years 1910 and 1944, inclusive. All of the ma- 
terial used in the study had been preserved in 
a 10 per cent solution of formalin (4 per cent 
formaldehyde). 

The method of approach consisted essen- 
tially of a sorting-out process chiefly con- 
cerned in the beginning with certain neo- 
plasms which had been labeled fibromas (7). 
Whenever any tumor was encountered which 
grossly or microscopically resembled the the- 
ca cell type, this neoplasm was considered 
as a potential candidate for inclusion in the 
study and was further investigated. This spe- 
cial treatment consisted in a thorough review 
of the gross specimen with special reference to 
the shape, size, weight, color, and consistency 
of the ovarian tumor and in examination of 
the contralateral ovary for signs of cessation 
of function as evidenced by absence of folli- 
cles and of corpora lutea, presence of atrophy 
with fibrosis, and so forth. In those cases in 
which hysterectomy had also been performed, 
careful notations were made as to the weight 
of the uterus, the thickness of the myome- 
trium, the presence or absence of myomas, the 
thickness of the endometrium, and finally the 
results of careful search for evidence of endo- 
metrial carcinoma. Multiple blocks of tissue 
were cut, in each instance, from the ovarian 


‘9 
1 
5 
r 
1 
s 
y 
- 
e 
t 


= 


— 


Fig. 2. Theca cell tumor, showing much intracellular lip- 
oid appearing as dark granules within spindle cells (sudan 
III, X 133). 

Fig. 3. Endocervical tissue removed from same case as 
shown in Figure 2. This adeno-acanthoma, grade 2, me- 


tumor, the contralateral ovary, and the endo- 
metrium. These blocks were transferred to 
bottles containing a fresh ro per cent solution 
of formalin, sectioned both by the freezing and 
by the paraffin methods, and stained routinely 
with hematoxylin and eosin, with sudan IIT 
and also with various reticulum stains, the 
principle of impregnation with silver being 
used. In all, 23 cases seemed to satisfy the 
histologic criteria necessary for a diagnosis of 
theca cell tumor. 

In 8 of the 23 cases mentioned, weighed 
amounts of tumor tissue were sent to the 
division of biochemistry, where analyses were 
carried out on the various lipid fractions 
(Table I). By way of control (Table II) 7 
normal ovaries were similarly analyzed chem- 
ically after careful removal by dissection of 
all gross luteal tissue which, if included, 
might nullify the value of the comparison by 
its high content of lipid. 

Unfortunately, we did not encounter, dur- 
ing the course of the study, any patients for 
whom a diagnosis of theca cell tumor had 
been made preoperatively. Consequently, we 
were unable to perform any preoperative de- 
terminations for estrogen on the urine of pa- 
tients who had this type of tumor. In one 
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tastasized and was the cause of the death of the patient 
(hematoxylin and eosin, X 133). 

Fig. 4. Adenocarcinoma grade 2, of the fundus uteri with 
se cell tumor of the ovary (hematoxylin and eosin, 
X37). 


instance, however, postoperative studies of 
estrogen were made on the urine as well as on 
the fresh tumor tissue of a patient from whom 
a theca cell tumor had been removed.' 

Clinical records of these patients were then 
secured and studied for pertinent data, es- 
pecially as regards menstrual irregularities of 
the younger patients and postmenopausal 
bleeding in the older group. These data were 
carefully recorded. The following paragraphs 
deal, in somewhat abbreviated form, with our 
findings in 23 cases of theca cell tumor of the 
ovary. 


1Fresh tumor tissue with a net weight of 25 grams was transferred to 
the laboratory. After preliminary passage through a meat grinder, the 
tissue was thoroughly ground with sand in a mortar. Extraction was 
next carried out by digestion on a steam bath with 100 cubic centimeters 
of 95 per cent alcohol. After filtration the residue was again extracted in 
a similar way. The two extracts were combined and concentrated to a 
volume of 100 cubic centimeters. After “chilling” in the icebox for 12 
hours, separation from all fat was successfully accomplished and the ex- 
tract was.concentrated further to a thick “residue.” This was taken into 
solution using CsHe (benzene) to which 10 cubic centimeters of olive oil 
had been added, the benzene being subsequently removed in vacuo. The 
oily solution was used in the assay. 

The animals used in the histologic analysis for estrogenic substance 
were adult female rats, 3 months age, and weighing between 275 and 
300 grams. Before spaying, these animals had been observed, by means 
of vaginal smear examination, to have shown a regular 5 day cycle of 
estrus. After spaying, these animals had been allowed to rest for 10 days 
and were then further examined for signs of estrus. Animals with “‘neg- 
ative” smears were considered satisfactory for the injection of the ma- 
terial to be tested. This was divided into 9 equal amounts and each of 3 
rats received 3 injections over a period of 24 hours. Vaginal smears from 
each were made 48, 56 and 72 hours, respectively, after the time of the 
first injection. Smears were examined microscopically by the “wet 
slide” method with no staining. “Positive” smears were interpreted as 
those containing cornified or nucleated cells or both with a complete 
absence of leucocytes. 


Fig. 2 Fig. 3 Fig. 4 | 
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CLINICAL OBSERVATIONS 


Incidence. In our series theca cell tumor ap- 
peared to be relatively rare. It comprised 
about 3 per cent of the group of solid ovarian 
tumors, was about a third as common as 
granulosa cell tumor, and was less than a tenth 
as common as ovarian fibroma. 

Age. The average age of patients who had 
theca cell tumors was about 54 years. Sixty- 
five per cent of the patients were 50 years of 
age or older. Extremes of 80 and 26 years 
were noted. In the literature, theca cell 
tumors have not been reported as occurring 
prior to the age of puberty. 

Parity. Pregnancy had occurred at least 
once in 80 per cent of the patients. 

Symptoms. Irregular vaginal bleeding of 
the postmenopausal type or gross menstrual 
irregularities of younger patients existed in 
more than 60 per cent of the reviewed cases. 
Of 6 patients less than 45 years of age, 2 had 
experienced amenorrhea of 414 months and 
I year, respectively, one had experienced 
menometrorrhagia for 3 months while the re- 
maining three had not noted any change in 
their menstrual rhythm. Of 12 patients 55 
years of age or older 8 had complained of 
postmenopausal spotting for periods varying 
from 10 days to 10 years. No “menstrual” 
aberrations had been recorded in 4 cases. 
Postmenopausal bleeding was noted in the 
records of 2 of the remaining 5 patients of 
“menopausal age.” In 3 cases it was impos- 
sible to ascertain whether or not the theca cell 
tumor had produced early amenorrhea or a 
delay in the onset of the climacterium. In 
only 1 case of the entire group did the post- 
menopausal bleeding assume the regularity of 
rhythm resembling normal menstruation. 

The data in this case were, briefly, as fol- 
lows: 


The patient was a 56 year old multiparous woman. 
At the age of 50 years, she had experienced amenor- 
rhea, hot flushes, nervousness, headaches, and flush- 
ing in the face. Estrogens had been administered on 
several occasions with only temporary relief. At the 
age of 52 years these “‘menopausal symptoms” had 
abated and for a few months the patient had been in 
excellent health. One year later she had experienced 
periodic vaginal spotting, which gradually increased 
in amount and assumed a rhythm and character 
similar to those of her previous menstrual periods. 


TABLE I.—CHEMICAL COMPOSITION OF 
THECA CELL TUMORS 


Endometrial terol, Prsrvvend thin, | acids, | lipids, 
response per rc | per per per 
cent as cent cent cent 
cent 
Adenocarcinoma 1.8 1.0 2.40 1.50 | 3.3 
Hyperplastic cystic 1.10 0.6 I. 2.6 3-6 
roliferative) 
Hyperplastic cystic 1.0 0.6 0.77 1.6 2.6 
proliferative) 
Differentiative 0.7 0.4 0.6 1.4 2.1 
Adenocarcinoma 0.4 0.1 1.8 1.2 1.7 
Atrophic 0.4 0.1 1.0 1.2 1.6 
Differentiative 0.2 0.03 0.5 It 1.3 
Proliferative (amenorrhea)! Trace | Trace | 6.0 1.2 1.2 


The bleeding occurred once a month, lasted from 
3 to 5 days and was accompanied by a moderate 
degree of discomfort in the lower part of the ab- 
domen. The patient stated that between “‘periods” 
she felt stronger than she had felt for years and that 
she could participate in activities which up to this 
time of life she had found too strenuous. 

Physical examination at the clinic revealed a 
woman very well preserved for 56 years of age. The 
essential findings otherwise consisted of the presence 
of an egg-sized tumor in the left adnexal region and 
an enlarged uterus containing several nodules be- 
lieved to be fibromyomas. 

Preliminary dilatation and curettage were done 
with the removal of a large amount of endometrium. 
Microscopically, this presented the picture of mixed 
proliferative and secretory phases of the menstrual 
cycle along with moderate cystic change. The uterus, 
both tubes, and both ovaries were subsequently re- 
moved because of a solid, yellowish tumor involving 
the right ovary and uterine fibromyomas. Sections 
made at the time of operation revealed the ovarian 
tumor to be of the theca cell type and accordingly 
postoperative studies for estrogen were carried out 


TABLE II.—CHEMICAL COMPOSITION OF THE 
NORMAL OVARY 


Age, | 2 fatal 
yrs. per cent Feencon 9 per cent per cent per c ent 
45 0.23 Trace 3.91 0.38 0.61 
50 0.18 Trace 2.12 1.00 1.18 
40 0.24 Trace 3.10 1.14 1.38 
41 0.24 Trace 3.00 1.23 1.47 
69 0.34 Trace 4.56 1.79 2.13 
33 0.36 0.13 431 4.07 4.43 
52 0.34 Trace 4.56 1.79 2.13 
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TABLE III.—CASES OF THECA CELL TUMOR: PERTINENT DATA 


Age, 
Case | yrs. Parity Main complaints Duration Side Size Myometrium Endometrium 
I 43 | Primipara Pain in rt. lower abdominal] 5 yrs. Right 5 cm. diam. Thickened. Fibro- | Proliferative, 
quadrant. Dysmenorrhea| 5 yrs. myomas present thickened 
2 55 | Tripara Bloody vaginal discharge,| 2 yrs. Right 6x4x3 cm. Fibromyomas Proliferative, cystic 
irregular (10 yrs. post- present 
menopausal) 

3 60 | Septipara Bloody vaginal discharge| 2 wks. Left 6x5x5 cm. Fibromyomas Polypoid, prolifer- 
(10 yrs. postmenopausal) (140 gm.) present ative, cystic 

4 61 | Tripara Intermittent vaginal bleed-| 10 yrs. Right 5x4x3 cm. Thickened Adenocarcinoma 

ing (25 yrs. post- (diffuse) of fundus 
e menopausal) uteri 

5 37 | Nullipara Menometrorrhagia 3 mos. Right 3xX2.5x2 cm. Thickened. Fibro- | Early secretory 

myomas present 

6 51 | Tripara Abdominal tumor (2 yrs.| 1 yr. Right 3mm.diam. | Fibromyomas Atrophic 

postmenopausal) present 

7 53 | Primipara Vaginal bleeding 10 days Left I cm. diam. Fibromyomas Stage 2. Grade 2 

present epithelioma of cer- 
vix. Atrophic endo- 
metrium 

s 7o | Nullipara Falling of womb (20 yrs.| 20+ yrs. | Left 4X2x2 cm. Thickened markedly | Polypoid, prolifer- 

(Sextigravida)| postmenopausal) ative, cystic 
9 48 | Nullipara Pelvic tumor 2 yrs. Right 3-5X3X2 cm. Fibromyomas Atrophic 
present 

10 56 | Nullipara Recurrence of ‘‘menses” | 4 yrs. Right Fibromyomas Polypoid, prolifer- 

present ative and secretory 
(mixed); cystic 
II 40 | Secundipara None. Tumor found on Right 3 cm. diam. Pelvic endometriosis. | Polypoid, prolifer- 
routine examination Single myoma ative, cystic 
present 
12 46 | Secundipara None. Diagnosis of Right 5 mm. diam. Fibromyomas Proliferative 
myomas made in routine present 
examination 

13 33 | Tripara Amenorrhea. Abdominal | 5 mos. Right 12x8x6 cm. Thickened Late proliferative, 

distress 5 mos. cystic 

14 53 | Nullipara Postmenopausal bleeding | 2 yrs. Left 3xX2x2 cm. Thickened. Fibro- Hypertrophic, 

myomas present proliferative 

15 58 | Tripara Vaginal bleeding I mo. Right 2.5x2x1.5 cm. | Thickened Grade 2 adenocarci- 
noma of fundus 

16 78 | Nullipara Proctocol finding (28 yrs. Right 2.5x2x1.5 cm. | Atrophic Atrophic 

postmenopausal) 

17 80 | Quadripara Autopsy finding Right 10cm. diam. | Thickened Adenoacanthoma of 
cervix with metas- 
tasis 

18 26 | Primipara Amenorrhea I yr. Right 4X3x2 cm. Thickened 3 normal pregnancies 
since oophorectomy 
for tumor 

19 61 | Nullipara Vaginal bleeding (15 yrs.| 5 days Left 5X4x3 cm. Thickened. Fibro- Hypertrophic, proli- 

postmenopausal) myomas present erative, cystic 

20 56 | Quadripara Abdominal pains (6 yrs.| 7 yrs. Left 6 cm. diam. Fibromyomas present |Polypoid, prolifer- 

postmenopausal) ative, cystic 

21 so | Nullipara Vaginal bleeding I yr. Left 4X4x3 cm. Normal Not available 

22 42 | Nullipara Dull lower abdominal I yr. Right I cm. diam. Fibromyomas Late secretory type, 

pain, intermittent present cystic 

23 65 | Nullipara ? Vaginal bleeding I yr. Left 2xIxI cm. Fibromyomas Adenocarcinoma 

present grade 2 (diffuse) 


on the patient’s urine, the method outlined in a 
foregoing paragraph being used. Blocks of fresh 
tumor tissue were similarly assayed. In both in- 
stances, in spite of the positive history and the 
evidence of estrogenic activity afforded by examina- 


tion of the endometrium, the results of the assays 
were disappointingly interpreted as being negative. 


Among the other 22 patients, outside of the 
aforementioned symptoms, there were no other 
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complaints that were not compatible with the 
presence of any slowly growing pelvic tumor. 
However, a triad of symptoms, namely, 
menstrual disturbances, pelvic pain, and pel- 
vic tumor, were observed to occur fairly 
constantly (Table III). Semiperiodic post- 
menopausal bleeding appeared to be the only 
reasonably specific symptom from a clinical 
standpoint. 

Positive findings on physical examination 
were limited for the most part to the demon- 
stration of a firm adnexal tumor and the fre- 
quent association of uterine leiomyomas or of 
an enlarged uterus. In 1 case a cervical carci- 
noma was visualized on speculum examination 
and in 2 cases carcinoma of the fundus was 
suspected on the basis of a clinical history of 
irregular postmenopausal bleeding combined 
with the finding, on bimanual pelvic examina- 
tion, of a “boggy” uterus. In one case the 
presence of ascitic fluid was ascertained clin- 
ically. No mammary hypertrophy of notable 
degree was observed in any of the cases in our 
study. 


PATHOLOGIC DATA 


Side. The right ovary was the seat of the 
tumor in 15 and the left in 8 cases. No in- 
stance of bilateral tumor was encountered in 
the series. 

Size. The largest tumor measured 12 centi- 
meters in its greatest diameter and the small- 
est 3 millimeters. The average diameter was 
about 6 centimeters, the actual size of the 
tumor bearing no apparent direct relation to 
the degree of clinical “‘function”’ as measured 
by the duration or the severity of associated 
menstrual disturbances. 

Color, consistency and so forth.The color of the 
tumors varied considerably. The outer aspect, 
usually smooth and often bosselated, pre- 
sented tints ranging from brownish gray or 
even pearly to a dull orange yellow. This latter 
color was nearly always apparent somewhere 
on cut section of the tumor. The consistency 
was in general firm but rubbery rather than 
densely hard and inelastic. Degenerative 
central cysts were present in several of the 
larger tumors and these cysts appeared to 
arise through chronic infarction and edema as 
a result of twisting of the pedicle of the tumor. 


Residual ovarian tissue could be found in the 
capsules of all but the larger neoplasms. A 
smooth glistening capsule invested all but two 
of the tumors, and these two appeared to be 
fixed by adhesions to neighboring structures. 
Ascites was produced by one large theca cell 
tumor and its presence was interpreted in the 
light of weeping edema as postulated for sim- 
ilar findings associated with ovarian fibroma 
(7). No examples of Meigs’s syndrome were 
encountered. 

Microscopic features. The histologic features 
of theca cell tumor, as seen in frozen and par- 
affin sections stained with hematoxylin and 
eosin, are well known and in our typical cases 
there was nothing new to add. In 4 cases 
examination of the tumor, while for the most 
part revealing ordinary theca cells, demon- 
strated in many areas the cytologic character- 
istics and cellular arrangement of granulosa 
cell neoplasm. One of these has been illus- 
trated in a previous article by one of us 
(Dockerty, 5). In these preparations em- 
ployment of the principle of silver impregna- 
tion for the demonstration of reticulum fibrils 
revealed the presence of these fibrils (Fig. 1) 
around the theca cells but usually not around 
the granulosal elements. We were not entirely 
convinced that the method could be solely de- 
pended on as the basis for the differential 
diagnosis between granulosa cell tumor and 
theca cell tumor, in doubtful cases. Stains for 
intracellular and extracellular lipoid substance 
were interpreted as giving positive results in 
all the tumors in the series (Fig. 2). Differ- 
ential staining for the various lipoid fractions 
as suggested by Wolfe and Neigus was tried 
but the results were difficult of interpretation. 
Results of chemical analysis for tumor lipoids 
are discussed and tabulated in subsequent 
sections. 

Contralateral ovary. The contralateral ovary 
was available for study in the 2 cases in 
which necropsy was performed and in 19 of 
the 21 cases in which operation had been per- 
formed. Of these 21 ovaries, 20 were some- 
what atrophic and 1 was the seat of a benign 
multilocular cystadenoma. In the 2 instances 
in which the surgeon preserved one ovary no 
special notes were made with reference to its 
condition. Mature or developing corpora lu- 
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tea were not observed in any instance. How- 
ever, this was perhaps not surprising inas- 
much as many of the patients had already 
passed the menopause. 

Condition of the uterus. The uterus was 
available for study in 21 of the 23 cases. Con- 
ceding that 100 grams represent the average 
weight of a premenopausal and 80 grams that 
of a postmenopausal uterus, we can state that 
in 2 instances the uterus was considerably en- 
larged asaresult of myohypertrophy(190grams 
in 1 patient who was 70 years of age). In an 
additional 6 cases there were myohypertrophy 
and single or multiple fibromyomas. In 7 
other cases fibromyomas so distorted the uter- 
us that no conclusion could be drawn as to the 
presence or absence of myohypertrophy. En- 
largement of the uterus associated with en- 
dometrial carcinoma was observed three 
times, an essentially normal size was seen 
twice, and true atrophy noted in one instance. 
Since myohypertrophy and uterine leiomyo- 
mas can be experimentally produced in ani- 
mals by the use of estrogenic stimulation, the 
foregoing observations would lend some sup- 
port to the thesis that at least some of our 
theca cell tumors were elaborating estrogenic 
hormone. 

The endometrium in these 21 cases pre- 
sented the following features of interest: In 14 
cases the endometrial lining was grossly thick- 
er than normal and in 12 cases microscopic 
examination revealed the picture of early or 
late proliferative phase of the menstrual cycle, 
usually with addition of cystic change. (In 2 
cases the endometrium showed the picture of 
secretory change.) Eight of the 14 patients 
were in the postmenopausal age group. (Al- 
though it is well known that normally the 
endometrium does not become atrophic im- 
mediately after the clinical cessation of 
menses, we take the finding of such thick en- 
dometrial lining in some of our patients who 
were more than 60 years of age as fair evidence 
of estrogenic stimulation). One patient had 
adenocarcinoma, grade 2 (Broders’ method), 
of the cervix and atrophic endometrium. Two 
other postmenopausal patients, one with no 
history of bleeding, also presented the picture 
of endometrial atrophy. Concomitant uterine 
carcinoma was found in 4 cases of theca cell 


tumor in addition to the one cited in the fore- 
going. In 1 of these cases the tumor was adeno- 
acanthoma, grade 2—Broders (Fig. 3) of the 
cervix (Case 17), which produced death from 
widespread metastasis. In the 3 remaining 
cases there was adenocarcinoma of the uterine 
fundus without evidence of metastasis at the 
time of operation (Fig. 4)'. Thus 22 per cent 
of our patients with theca cell tumor had asso- 
ciated carcinoma of the uterus. Since this 
“complication” was not encountered in any 
patient less than 50 years of age the incidence 
of the association was 33 per cent for the group 
of older women. The carcinogenic influence of 
estrin is accordingly to be at least considered 
in these cases in which uterine malignant 
lesions are present (Table ITI). 


CHEMICAL STUDIES 


In the differential diagnosis between granu- 
losa cell tumor, theca cell tumor, fibroma and 
so forth, Greenblatt, Greenhill and Brown 
have employed chemical analysis of various 
lipoid fractions of tumor tissue. These authors 
expressed the opinion that “functioning” tu- 
mors such as granulosa cell and theca cell neo- 
plasms contain more phospholipid and choles- 
terol than do the nonfunctioning tumors such 
as, for example, fibroma. They further ex- 
presed the belief that theca cell tumors con- 
tain more cholesterol than is found in granu- 
losa cell tumors. 

In the present series the chemical analyses 
suggested by Greenblatt, Greenhill and 
Brown were carried out on portions of theca 
cell tumors, not selected at random, but cho- 
sen from cases which presented varied endo- 
metrial pictures (Table I). Also by way of 
comparison along a line not hitherto ap- 
proached, similar analyses were carried out on 
portions of presumably normal ovaries re- 
moved for various reasons in the course of 
pelvic operations. These ovaries were selected 
from patients of different age groups. The 
sections were taken from portions of the 
ovaries in which no old or recent corpora 
lutea were present and for the most part 


1For those who contend that the uterine carcinomas 
with theca cell and tumors are e: samples 
lasia (so called carcinoid h lasia of the endometrium), we 
— Case 17 in our series to be o extreme vn bon on Our report on 
pane cases of gran cell tumors associated with endometrial car- 
cinoma is in the process of preparation. 
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represented ovarian cortical stromal tissues 
(Table IT). 

Results of both these chemical analyses 
were somewhat disappointing, inasmuch as 
they did not show any striking correlation to 
exist between tumors having similar histologic 
structures and presumably similar embryo- 
logic backgrounds. In general, the total lipid 
content of the tumors was found to be moder- 
ately elevated above that of normal ovaries 
(if we except the one specimen of the latter 
which contained 4.43 per cent of lipid sub- 
stance). Individual values for lecithin and 
fatty acids did not appear to have differential 
significance. However, cholesterol and choles- 
terol esters were present in definitely in- 
creased amounts as compared with the normal 
ovarian stroma with phospholipid levels some- 
what lower. 


FOLLOW-UP STUDIES ON PATIENTS 


Adequate follow-up studies were made on 
20 traced patients. There was in this group no 
instance in which the patient had died as a 
result of a malignant process beginning in a 
theca cell tumor. One patient died as a result 
of generalized metastasis from a cervical car- 
cinoma as previously noted. Five additional 
patients died from causes apparently unre- 
lated to their ovarian tumors, 20, 12, 5, 4, 
and 1 year postoperatively. In one case a 
small theca cell tumor was observed inciden- 
tally at necropsy. Thirteen patients were 
living at the time of follow-up and had been 
well for postoperative periods varying from 6 
months to 33 years. Surgical treatment in 
cases of theca cell tumor need be directed 
along radical lines only because of associated 
lesions, that is, uterine fibromyomas and en- 
dometrial carcinoma, and not because of any 
malignant potentialities inherent in the theca 
cell tumor itself. Since, however, the inci- 
dence of associated uterine carcinoma is so 
high among postmenopausal patients who 
have theca cell tumors, we believe that hyster- 
ectomy and bilateral salpingo-oophorectomy 
is the operation of choice in the case of older 
patients who have theca cell tumors of the 
ovary. Similarly, it would seem from this 
study that postoperative roentgen therapy is 
indicated only in those cases in which carcino- 


ma involves the cervix or the fundus of the 
uterus. 


SUMMARY 


Data on 23 cases of theca cell tumor are 
presented with a correlation of clinical, patho- 
logic, and chemical data. These tumors ap- 
pear to be derived from the ovarian mesen- 
chyma and are closely related to the granu- 
losa cell group of tumors. Occasionally the re- 
lation may be a histologic one with elements 
of both types discernible within the same neo- 
plasm. Usually, however, both tumors pre- 
sent “purity” of type. The relatively high 
incidence, especially in postmenopausal pa- 
tients, of associated myometrial hypertrophy 
and uterine fibromyomas, combined frequent- 
ly with endometrial hyperplasia and cervical 
and fundal carcinoma, suggests the production 
by the ovarian tumors of estrogenic hormone. 
Inability to demonstrate measurable quanti- 
ties of this hormone through assays of tumor 
tissue is perhaps not to be regarded as con- 
clusive evidence of absence of the hormone. A 
chemical analysis of 8 theca cell tumors gave 
evidence that these tumors contained in- 
creased amounts of cholesterol and cholesterol 
ester fractions as compared with the values 
for these substances found present in 7 normal 
ovaries. 

Although the tumors did not invariably 
produce clear-cut clinical symptoms, their 
presence could often be suspected by an alter- 
ation in the menstrual habits of the patient. 
Postmenopausal bleeding from a hypertrophic 
endometrium was commonly encountered in 
these patients. 

Histologically, in spite of the employment 
of “‘new stains” we found difficulty in dis- 
tinguishing certain fatty fibromas from theca 
cell tumor. In such doubtful cases, examina- 
tion of the endometrium was often of value. 
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THE RATIONALE OF CALCIUM, PHOSPHORUS, AND 
VITAMIN D THERAPY IN CLINICAL HYPERTHYROIDISM 


I. DARIN PUPPEL, M.D., F.A.C.S., HAROLD T. GROSS, M.D., E. K. McCORMICK, M.S., 
and E. HERDLE, M.S., Columbus, Ohio 


indications in hyperthyroidism are as 

yet not fully understood, even though 
its use has been recommended for years by 
several experienced clinicians including Theo- 
dor Kocher. In fact, certain investigators 
(26, 27) have expressed doubt that added cal- 
cium would be beneficial in counteracting the 
negative calcium balance of this disease al- 
though their investigations had not extended 
this far. 

Our knowledge concerning the influence of 
calcium administration on hyperthyroidism is 
as yet meager and at times confusing. In the 
treatment of any disorder, it is advantageous 
to understand the physiological and patholog- 
ical background of the disease for which the 
therapeutic agent is used. Wherever pos- 
sible, rational drug therapy should be based 
upon a correlation of the pharmacodynamic 
action of the drug with the pathological physi- 
ology of the disease. With these basic ideas 
in mind it seemed essential, from a therapeutic 
standpoint, to determine whether a positive 
calcium balance could be maintained on a high 
calcium intake. We, therefore, present ob- 
servations concerning the effects of calcium 
therapy on the calcium metabolism of hyper- 
thyroidism. 


HE exact mechanism of action of cal- 
cium and its consequent therapeutic 


GROSS DISTURBANCES OF CALCIUM 
METABOLISM IN HYPERTHYROIDISM 


The gross disturbances of calcium metabo- 
lism which exist in hyperthyroidism may be 
easily understood by study of the composite 
Figures 1 and 2 together with Table I. They 
usually consist principally of an increased ex- 
cretion of calcium through both the gastro- 
intestinal and urinary systems (Fig. 1). The 
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blood calcium usually remains within normal 
limits (Fig. 1). It is rarely slightly increased 
and almost never slightly decreased beyond 
the range of normal (56,66). The blood phos- 
phorus is almost invariably within normal 
range. Only on one determination in one pa- 
tient did we find it increased beyond the range 
of normal. Never has it been decreased. The 
blood phosphatase is usually slightly increased. 
These abnormal findings differ greatly from 
those in hyperparathyroidism in which the 
increased excretion occurs almost quantita- 
tively through the urine (Fig. 2), while the 
blood calcium, phosphorus, and phosphatase 
levels are usually greatly disturbed (Fig. 2). 
These abnormalities lead to definite differ- 
ences in the clinical manifestations of the dis- 
turbed calcium metabolism in these two dis- 
ease entities which may be of definite thera- 
peutic significance as will soon be pointed out. 
The loss of calcium of the usual patient with 
exophthalmic goiter (10) is often much greater 
than that of the usual hyperparathyroid pa- 
tient on a low calcium diet (Fig. 2), thus em- 
phasizing the grave calcium depletion which 
may occur in hyperthyroidism. There is a 
lower level of increased excretion of calcium 
in toxic nodular goiter as compared to that of 
exophthalmic goiter (Fig. 1). This difference 
in excretion in the two types of goiter occurs 
even when the basal metabolic rates are at the 
same increased level as shown by patients 
presented in another communication (66), and 
by other patients with higher levels of basal 
metabolism (Fig. 3). However, the state of the 
calcium balance is not wholly independent of 
the degree of hyperthyroidism. In patients 
with nontoxic nodular goiter the calcium me- 
tabolism remains normal (Fig. 1). 
Disturbances of the calcium metabolism 
vary greatly. They are usually temporary, 
preventable,and reversible in character. They 
can easily be controlled by ingestion or paren- 
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Betance 


THREE NORMAL|TWO NON-TOXIC | THREE TOXIC | ONE MIXED SEVEN 
CONTROLS NODULAR NODULAR GOITER EXOPHTHAL MIC 
GOITERS GOITERS GOITERS 
30 DAYS 18 DAYS 21 DAYS 9 DAVS 60 DAYS 
Low Ca. Intake |LowCa. Intake | Low Ca. Intake |Low CG. Intake | LowG. Intake 
Average BMR-11%| AverageBMR.- 9%} Average BMR*32%) Average BMR* 27% Average BMR*+56% 
“BLCe.108mg.% 105mg. % “Bl. 108mg.% *BL.Ca. 11.4mg%) * 110mg% 


AVERAGE THREE DAY PERIODS OF OBSERVATION 


Fig. 1. Comparison of calcium balance of hyperthyroid patients with that of nor- 
mal persons and nontoxic nodular goiter patients. 


teral administration of extra amounts of cal- 
cium as will be seen presently. Ingestion of 
milk with its high calcium content leads to 
calcium retention (Fig. 10). The state of the 
calcium balance in hyperthyroidism is de- 
pendent to a great extent, therefore, on the 
actual calcium content of the diet. If iodine 


HYPERPARATHYROIDISM | HYPERTHYROIDISM NORMAL 
(Usual!) (Usual) (Usual) 
Blood Ca 15mg. % Blood Ca. 10.8 mg. % Blood Ca. 10.8 mg. % 
Blood P. 1.5 mg. % Blood P. 4.8 mg. % Blood P. 4.5 mg. % 
Blood Phosphat Blood Phosphat Blood Phosphatase - 
20 Bodansky units 67 Bodansky units 4 Bodansky units. 


SQ Intake 


CALCINY MILLIGRAMS 


THREE DAY PERIODS OF OBSERVATION 


Fig. 2. Comparison of calcium metabolism of usual 


exophthalmic goiter patient with that of usual hyperpara- 
thyroid patient and the usual normal person. 


administration returns the basal metabolic 
rate toward normal, one may expect a decrease 
in the calcium excretion (66). Parenteral 
administration of calcium (Fig. 10), thyroidec- 
tomy (66), or thiouracil (71) may also produce 
a positive balance. 

Various experimental and clinical demon- 
strations of gross disturbances of calcium and 
phosphorus metabolism in hyperthyroidism 
have also been made. Falta, Bolaffio, and 
Tedesco (1909) were among the first to report 
the effect of the thyroid gland on mineral 
metabolism. They found that thyroid feeding 
increased phosphorus elimination. A most 
remarkable study was made in 1g1o by Dr. 
Caroline Towles in association with Dr. L. F. 
Barker of the Johns Hopkins Hospital. She 
studied the calcium balance of three women 
with exophthalmic goiter, one of whom was 
pregnant. She concluded that “‘the calcium 
metabolism of Basedow’s disease shows no 
special peculiarity; it runs parallel with the 
nitrogen balance, and in those periods of the 
disease in which there is loss of nitrogen there 
is also a loss of calcium.” She showed that 
“the calcium balance may be made to be posi- 
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TABLE I.—COMPARISON OF CALCIUM BALANCE OF HYPERTHYROID PATIENTS WITH 
THAT OF NORMAL PERSONS AND NONTOXIC NODULAR GOITER PATIENTS 


| | Average Average output per . 
Number | Total days Average | blood 3 day period Average da hake Average apenee 
Type of goiter present of inves- -M.R. | calcium | ; 
patients | tigation | percent | mgm. | Uri Total | 
| per cent | rine eces otal | gm. gm. 
| |} gm. gm. gm. | 
1. None: Normal Controls | 3 | 30 -I!I 10.8 | 0.437 | 0.700 1.146 0.913 —0.233 
2. Nontoxic nodular } 2 | 18 | -9 10.5 | 0.428 | 0.859 1.287 | 1.079 —0.208 
3. Toxic nodular > | 21 | +32 | 108 | 0.355 1.174 1.529 | 1.147 —0.383 
4. Mixed I | 9 | +27 | II.4 | 0.439 1.582 2.021 | 1.109 —0.912 
5. Exophthalmic | 60 | +56 |° «1.0 | 0.085 2.376 13.361 | 1.567 —1.704 


tive with a sufficient intake from milk or cal- 
cium lactate though not without evidence of 
the tendency to loss.” 

Parhon (1912) demonstrated that intensive 
thyroid feeding up to lethal dosages adminis- 
tered to g rabbits produced a definite loss of 
calcium. Kummer (1917) studying an exoph- 
thalmic goiter patient of 42 years found that 
the urine calcium excretion was normal on an 
intake of about 5 grams of calcium daily from 
milk, but that the fecal calcium elimination 
was large. Michaud (1930) reported in- 
creased calcium elimination in thyrotoxic 
goiter. Snapper (1933) found hypercalcuria 
of almost three times the normal value in a 
case of Basedow’s disease. Pugsley and 
Anderson (1934) demonstrated marked cal- 
cium loss of rats fed desiccated thyroid. In 
1936, Coryn observed that there is excessive 
loss of calcium in the urine. Further work by 
Cope and Donaldson (1937), Beaumont, 
Dodds, and Robertson’ (1940), and Logan, 
Christensen, and Kirklin (1941-42) brought 
forward still more evidence that increased 
thyroid activity or thyroid feeding are asso- 
ciated with an increased excretion of calcium 
and phosphorus. 

The mechanism of these disturbances in 
hyperthyroidism has never been clearly dem- 
onstrated (6, 12, 53, 66, 68, 69). Recent 
thiouracil studies (71) would tend further to 
uphold our hypothesis (61) that the cause of 
this increased excretion is due to a combina- 
tion of factors, underlying which is the in- 
creased utilization of the thyroid hormone by 
the tissues. When thyroid hormone produc- 
tion is decreased, mineral elimination returns 
toward normal. 


CLINICAL MANIFESTATIONS OF THE DISTURBED 
CALCIUM METABOLISM IN HYPERTHYROIDISM 


Clinical symptomatology. The thyroid gland 
may affect the structure and functional activ- 
ity of every component of the human body. 
For this reason hyperthyroidism presents nu- 
merous clinical manifestations. Manifesta- 
tions of the disturbed calcium metabolism in 
this disease are thus also greatly variable. 
Clinically, they may be absent or so mild that 
they are masked by the more predominating 
toxic symptoms. Painful muscular, joint, and 
bone complaints are of frequent occurrence 
(67, 59, 9, 80). Usually these are mild in char- 
acter. Severe forms are rather uncommon and 
may simulate symptoms of acute posttrau- 


TWO TOXIC NODULAR | TWO EXOPHTHALMIC 
GOITERS GOITERS 
9 DAYS 12 DAYS 
Low calcium intake Low calcium intake 
Average of 3BMR. | Average of 4 BM.R 
determinations=+40 %|determinations = +45% 
Average of 3 blood calcium) Average of 4 blood calcium 
determinations 9.7mg % 7 
+ 2000 Intake 
ZZ Feces 
2000; Balance 
16007 
1200; 
X00 
+400 N 
N“N 
=x 600 
1200 
1600; 


-2000 
AVERAGE THREE DAY PERIODS OF OBSERVATION 


Fig. 3. Comparison of calcium balance of 2 toxic nodular 
goiter patients with that of 2 exophthalmic goiter patients 
whose basal metabolic rates are almost similar. Note that 
in exophthalmic goiter the excretion of calcium and nega- 
tive calcium balance are much greater than in toxic nodular 
goiter. 
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Fig. 4. M. H., No. 412399, generalized osteoporosis with 
moderate osteoporosis of the left humerus. 


matic or Sudeck’s bone atrophy. In many 
instances these have been erroneously diag- 
nosed as a nonspecific and obscure form of 
arthritis. The first signs are swelling and in- 
tense pain on movement with subsequent 
increasing limitation of motion and atrophy 
of the muscles involved. Tenderness, myas- 
thenia, contractures of muscles, and pseudo- 
fixation of joints may later occur. In these 
more advanced cases, the patient often be- 
comes bedridden. In the early stages, roent- 
genography reveals a generalized mottled at- 
rophy; later there is more diffuse resorption 
with loss of normal trabeculations (Fig. 4). 
These phenomena may be manifestations of 
an autonomic nervous system disturbance, 
which is frequently present in hyperthyroid- 
ism. In such cases high calcium and vitamin 
D feeding as well as thyroidectomy have been 
found to give definite symptomatic relief even 
though roentgenograms did not give evidence 
of recalcification (50, 80). Ordinary medical 
means except morphia failed to relieve the 
severe pain suffered by one of our patients 
(M.H.) but adequate calcium, phosphorus, 
and vitamin D gave prompt relief. 
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There is greater tendency for the develop- 
ment of symptoms of the disturbed calcium 
and phosphorus metabolism in exophthalmic 
goiter patients than in patients with toxic 
nodular goiter. This is probably due to the 
fact that loss of lime salts is usually much 
greater in exophthalmic goiter. The manifes- 
tations of toxicity in nodular goiter are more 
frequently insidious so that they may exist for 
years before adequate treatment is instituted 
and therefore slow loss occurs over a long 
period of time. It is also possible that toxic 
nodular goiter patients, who are usually older, 
are predisposed further to senile osteoporosis. 

Skeletal decalcification. Skeletal decalcifica- 
tion had been described by von Recklinghau- 
sen in 1891. Many similar reports of bone 
atrophy have since been made. Von Reckling- 
hausen and Koeppen published accounts of a 
woman of 23 years with exophthalmic goiter 
of 5 years’ duration. At autopsy the bones 
sawed like rotten wood, the sternum and cal- 
varium being readily cut with a knife. Histo- 
logically, resorption spaces were abundant in 
the bone cortex, and they often contained 
whole nests of osteoclasts. He believed this a 
form of ésteomalacia secondary to Basedow’s 
disease. Von Recklinghausen stated that the 
degree of osteoclastic resorption was equalled 
only by that found in a case of generalized 
osteitis fibrosa cystica studied by him. In 
1901, Askanazy described necropsy findings of 
a women of 54 years, with retrosternal goiter 
of 5 years’ duration with carcinomatous de- 
generation and with metastases to the lungs. 
The histological picture revealed osteoclastic 
resorption of bone of greater severity and ex- 
tent than could have been predicted from the 
macroscopic appearance of the bone. Latzko 
(1901) found hyperthyroidism present in 6 of 
150 cases of osteomalacia. Hoennicke (1904) 
attributed the decalcification observed in thy- 
rotoxicosis to a disturbance of phosphorus 
metabolism. Curschmann (1919) reported 30 
cases of nonpuerperal osteomalacia, some of 
which were associated with hyperthyroidism. 
Plummer, Dunlap, and Moore and Dunlap 
and Moore (1928-29) reported 5 cases of 
osteoporosis. Four were secondary to exoph- 
thalmic and 1 to adenomatous goiter. They 
were all women. The ages ranged from 20 to 
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64 years. The duration of symptoms of hyper- 
thyroidism was from 1 to 13 years. The basal 
metabolic rates varied from plus 27 to plus 74 
per cent. One patient had been bedfast be- 
cause of so called ‘‘arthritis.”” The bone le- 
sions on X-ray examination were suspected of 
being carcinomatous metastases in 2 patients, 
but further study ruled this out. At autopsy 
the ribs of a 53 year old woman with exoph- 
thalmic goiter of 13 years’ duration and a 
basal metabolic rate of plus 41 per cent re- 
vealed multiple spontaneous fractures. They 
were friable and could be easily crushed be- 
tween the fingers. Marked generalized osteo- 
porosis was also present. Hunter (1930) re- 
ported the summary of a necropsy done by 
Prof. Turnbull on a girl of 19 with exophthal- 
mic goiter of 5 years’ duration. Histologically, 
lacunar resorption by osteoclasts produced 
much rarefaction of the corticalis, the spon- 
giosa, and the medullary cavity. Another 
woman of 28 years with exophthalmic goiter 
of 5 years’ duration showed similar severe 
osteoporosis. 

In 1932, Osterberg and Mills, using Mayo 
Clinic material, concluded that chemical and 
roentgenographic study of bone removed post- 
mortem from the ribs and pelvis of 23 hyper- 
thyroid patients and of 78 control subjects, 
failed to demonstrate a sufficiently constant 
difference in percentage of ash, percentage of 
calcium, calcium to phosphorus ratio or roent- 
genographic opacity to warrant a conclusion 
that hyperthyroidism is always accompanied 
by some degree of osteoporosis. They stated 
that obviously ingestion of calcium is not con- 
trolled premortem in clinical hyperthyroidism 
so that the results of work of this nature ap- 
parently can be only inconclusive. In experi- 
mental hyperthyroidism ingestion of calcium 
may be controlled. Smith and McLean as well 
as Drill reported that chemical studies of 
bones of rats with severe hyperthyroidism in- 
duced by thyroid feeding which were fed 
simultaneously a diet adequate in calcium did 
not reveal osteoporosis. Unfortunately their 
control of exogenous calcium was not entirely 
satisfactory. 

Askanazy and Rutishauser (1933) studied 
pathologic material from 7 cases in which pa- 
tients had died of Graves’ disease. Osteoporo- 


sis of some degree was evident in all. In 1938, 
Martos examined the bones of 12 patients who 
had died of exophthalmic goiter and found 
osteoporosis in 11. In 1938, Crotti reported 
the summary of a necropsy on a woman of 
34 with exophthalmic goiter of at least 2 
to 3 years’ duration. The x-ray examination 
showed generalized osteoporosis especially in- 
volving the bones of the lower extremity. A 
spontaneous fracture of the upper third of the 
right femur was present. The bones cut easily 
and could be crushed with the fingers. Histo- 
logically, the bone marrow showed almost 
complete absence of bone-forming tissue in 
the softest areas. 

Radiologic findings. It was Kummer in 1917 
who presented, probably for the first time, 
roentgenographic evidence of osteoporosis as- 
sociated with hyperthyroidism. Roentgenog- 
raphy in the early disease is usually negative, 
but in advanced stages generalized decalcifica- 
tion of the skeleton may be obvious as has 
been reported by numerous other observers 
(Fig. 4). This osteoporosis must be differen- 
tiated from that of several diseases. Among 
them are hyperparathyroidism, malignancy 
metastatic to bone, senile osteoporosis, at- 
rophy of disuse, osteomalacia and osteoporosis 
which may accompany pancreatic diabetes as 
well as pituitary and adrenal disorders. 

After calcium elimination studies, as well as 
radiologic examinations of the skeleton of one 
patient, Kummer judged from the roentgeno- 
grams that the calcareous demineralization 
affects the bony system. Bernhardt in 1927 
made roentgenographic studies of a woman of 
47 years with exophthalmic goiter. These 
showed a decrease of calcium in the bones. 
Aub and his associates, in 1929, observed sim- 
ilar changes and pointed out that in mild cases 
osteoporosis can be detected only by direct 
comparison with the same bone of a normal 
person exposed on the same film at the same 
time. Plummer, Dunlap, and Moore and 
Dunlap and Moore found roentgenographic 
evidence of severe osteoporosis in 4 patients 
with exophthalmic goiter and in 1 with ade- 
nomatous goiter. In 1930 Donald Hunter 
stated that, in his experience, controlled roent- 
genograms of the bones in exophthalmic goiter 
revealed a decrease of calcium in less than half 
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the cases examined. Stettner has reported an 
interesting case of decalcification of the bones 
of a child resulting from the continued ad- 
ministration of thyroid. After the thyroid had 
been discontinued the bones became denser. 
Golden and Abbott made a roentgenographic 
study of 110 cases of hyperthyroidism in 1933. 
The age of the patients varied from 6 to 68 
years. The duration of thyrotoxic symptoms 
was from 2 months to 26 years. In 63 in- 
stances, only chest films were available. In the 
remainder there were films of the spine, pelvis, 
or extremities. Eleven per cent showed slight 
while 11 per cent showed definite to marked 
decalcification. In 9 unselected cases a com- 
parison was made to normal following Aub’s 
method. These patients ranged from 22 to 50 
years. The duration of disease was from 4 
months to 4 years; in 5 instances it was not 
over 6 months. Of the 9 cases, 5 showed defi- 
nite evidence of osteoporosis and one slight 
decalcification. Still others such as Means, 
Hertz, and Lerman (1937), Coryn (1936), 
Crotti (1938), Bartels and Haggart (1938) 
(9), Williams and Morgan (1940), and Mans- 
bacher (1941) set forth their roentgenologic 
findings which suggest that osteoporosis is by 
no means rare in hyperthyroidism. Although 
the chronicity as well as the severity of clinical 
thyrotoxicosis is an important factor, cases 
have been reported of moderate thyrotoxicosis 
of short duration with definite evidence of 
osteoporosis on the x-ray film. 

Further symptomatology, osteomalacia, gross 
deformity, dwarfism, and spontaneous fractures. 
In a few cases osteoporosis is profound in de- 
gree. Osteomalacia has occurred with con- 
sequent gross deformity of the bones and 
dwarfism. In some cases spontaneous frac- 
tures have resulted. The severity of these 
symptoms depends upon the stage, the dura- 
tion, and the complications of the disease at 
the time of diagnosis as well as upon the de- 
gree of calcium excretion and the amount of 
calcium intake during the entire course of the 
disease. 

Deformity and dwarfism may be due to 
fractures or severe osteomalacia. Subjective 
symptoms are often associated. The patient 
of von Recklinghausen and Koeppen who had 
osteomalacia complained of backache which 


caused her to notice that her spine was twisted. 
Pain in both arms and sometimes cramps in 
the hands and feet were also present. A 
kyphoscoliosis was present. Askanazy’s pa- 
tient with osteomalacia and goiter was in bed 
with sacral backache following a slight fall. 
Latzko (1901) and Tolot and Sarvonat (1906) 
again drew attention to the combination of 
osteomalacia and hyperthyroidism. The lat- 
ter reported a single case. They had found 11 
observations in the literature on the relation 
of these two conditions. Von Jaksch and 
Rotky (1908) reported softening and bending 
of the bones in a girl of 20 who suffered from 
hyperthyroidism and Bernhardt (1927) ob- 
served a similar case. 

One of the patients of Plummer and Dunlap 
(1928) had been bedfast because of so called 
“arthritis.” Another showed spontaneous 
fractures of the ribs and osteomalacia at nec- 
ropsy. Hunter (1930) reported 2 cases in 
which spontaneous fractures occurred. Snap- 
per (1933) stated that the osteoporosis pro- 
duces much generalized pain and that it 
is definitely benefited by thyroidectomy. 
Coryn’s patient, a woman of 35 years, pre- 
sented painful osteoporosis especially of the 
tibiae. Another of his patients, a woman of 61 
years with Basedow’s disease of 9 years’ dura- 
tion, decreased in height from 1.65 to 1.39 
meters and sustained a multiplicity of sponta- 
neous fractures of one femur, radius, and wrist 
associated with extreme decalcification. He 
believed that thyroidectomy benefited these 
patients. Gottlieb and Schachter-Nancy’s 
(1937) patient, a female of 53 years with 
exophthalmic goiter of 5 years’ duration, sus- 
tained two spontaneous fractures of the right 
humerus and showed marked decalcification 
with a thin-line cortex on x-ray examination. 

One of the patients of Means, Hertz, and 
Lerman (1937) who had had hyperthyroidism 
for 9 years, was driving her automobile when 
she was suddenly seized with knife-like pain 
in the region of the lumbar spine. A roent- 
genogram demonstrated marked decalcifica- 
tion of the entire spine and pelvis and a com- 
pression fracture of the first lumbar vertebra. 
Another patient, a female of 58, had been bed- 
ridden because of long standing osteoporosis. 
Dorsal kyphosis with flaring of the ribs was 
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present. Following thyroidectomy she grad- 
ually returned to her normal activities and the 
kyphosis improved greatly. Some of the im- 
provement was attributed to an adequate diet 
of calcium and vitamin D. Moehlig and Adler 
(1937) mentioned the painful bones associated 
with hyperthyroidism. They did not believe 
that marked benefit could be derived from 
thyroidectomy. Crotti (1938) reported 4 cases 
of exophthalmic goiter and 1 of toxic nodular 
goiter who presented a variety of mutculo- 
skeletal symptoms. The age range was from 
1g to 61 years. Three were females and 2 
were males. Duration of toxic symptoms va- 
ried from 6 months to 5 years. X-ray exami- 
nation showed definite osteoporosis in 3 and 
possible osteoporosis in 1. One patient who 
came to necropsy showed intense decalcifica- 
tion with a spontaneous fracture of the upper 
third of the right femur. Three patients 
showed remarkable improvement of the skele- 
tal symptoms following thyroidectomy. 
Bartels and Haggart, in 1938, added 2 
more cases of primary hyperplasia of the thy- 
roid with multiple spontaneous fractures of 
the femur and vertebrae after slight falls or 
stooping. They were females of 50 and 78 
years. The toxic symptoms had been of 9 and 
17 years’ duration, respectively. Jung and 
Jacob (1939) described a fracture of the left 
clavicle in an elderly woman with osteoporosis 
and hyperthyroidism. Williams and Morgan 
(1940) added 7 cases of thyrotoxic osteoporo- 
sis seen at the Vanderbilt University Hospital. 
They were all females and their ages ranged 
from 39 to 65 years. Toxic symptoms had 
been present for from 3 months to 20 years. 
The basal metabolic rates varied from plus 31 
to plus 65 per cent. Four were toxic nodular 
and 3 were toxic diffuse goiters. Four pa- 
tients experienced muscle or joint pains before 
bone abnormalities were recognized. One ex- 
hibited scoliosis and tenderness over the lower 
thoracic and upper lumbar vertebrae. The 
roentgenograms revealed compression frac- 
tures of several vertebrae as well as general- 
ized demineralization. Carcinomatous metas- 
tases were at first believed the cause. In one, 
stiffness and bony enlargement of many of the 
joints of the extremities were noted. X-ray 
findings simulated metastatic tumor. A third 


patient presented a pathologic fracture of the 
femur and generalized osteoporosis. Still an- 
other showed compression fractures of the 
lumbar vertebrae. Metastatic tumor was con- 
sidered. X-ray examination showed marked 
generalized demineralization of the skull and 
long bones as well as of the vertebrae. The 
fifth patient showed kyphosis of the dorsal 
spine. Marked osteoporosis of the ribs and 
spine was evident on x-ray examination. An- 
other patient revealed marked weakness and 
atrophy of the muscles, especially in the hands. 
She sustained compression fractures of the 
thoracic vertebrae and demonstrated general- 
ized decalcification. Three of their patients 
exhibited tendencies to fall, and one remained 
inactive because of fear that she would fall. 
Two improved symptomatically, following 
thyroidectomy but none exhibited roentgeno- 
graphic evidence of increased calcification 3 
to 14 months after operation. The diet, how- 
ever, was not carefully managed. 
Mansbacher’s patients, women of 58 and 61 
years, also complained of persistent pain in 
the shoulders and of kyphosis and back pain 
respectively. X-ray pictures showed general- 
ized osteoporosis. Thompson (1944) recalled 
a minister with hyperthyroidism who was re- 
ported suddenly to have become 2 to 3 inches 
shorter on Sunday while preaching, a few 
weeks after a thyroidectomy. He had suffered 
from spontaneous fractures of two vertebrae. 
X-ray examination revealed uniform decalci- 
fication. Two (M. H. and D. D.) of the 5 pa- 
tients whom we report herewith showed gen- 
eralized osteoporosis. One (M.H.) showed 
remarkable improvement of the associated 
musculoskeletal symptomatology and reten- 
tion of as much as 2 grams of calcium and 1.2 
grams of phosphorus daily when adequate 
amounts of these elements were supplied. 
They both showed clinical improvement fol- 
lowing thyroidectomy, although the x-ray pic- 
ture even 5 months later showed no appre- 
ciable change except for definite recalcification 
of the hand bones of M. H. after continued 
adequate mineral intake. This may be ex- 
plained on the basis that they had hyperthy- 
roidism for a few years and that it would take 
many more months of adequate supply to 
replace completely the depleted stores. One 
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patient (L. M.) complained of moderate deep 
aching pains of the extremities. Another pa- 
tient (M. C.) complained of occasional vague 
pains over the entire body but especially of 
the lower extremities. 

Calcium and production of goiter. An upset 
of the calcium metabolism has been consid- 
ered by many a factor in the production of 
goiter since early in the nineteenth century 
(28, 61). Investigators have also believed that 
a disturbance in the calcium metabolism is 
causally related to some of the toxic symp- 
toms of hyperthyroidism. But not even the 
gross disturbances were revealed until re- 
cently (6, 61). Even though the total blood 
calcium is usually normal, a disturbance of 
one of its fractions may be present (54). This 
problem needs further investigation. The to- 
tal protein levels (see tables) are usually nor- 
mal. Slight decrease may be expected in 30 
per cent of the cases, the level averaging 5.7 
grams per 100 cubic centimeters ‘of plasma 
and ranging from 5.4 to 5.9 grams (normal 
6 to 8 gm. %). Only one was decreased to as 
low as 4.9 grams per cent. Compare with 
Bartels’ findings (8). 

Clinical hyperthyroidism and hyper parathy- 
roidism. In hyperparathyroidism with its usual 
hypercalcemia and hypophosphatemia, there 
frequently results metastatic calcification. 
Urinary stones occur in about 50 per cent of 
the recorded cases (2) and constitute one of 
the serious complications of this disease. In 
hyperthyroidism, on the other hand, with its 
usual eucalcemia and euphosphatemia even 
in the presence of increased calcium and phos- 
phorus excretion equal to or often greater than 
that in hyperparathyroidism (Fig. 2) metas- 
tatic calcification rarely occurs (48, 53). Uri- 
nary stones are uncommon and are probably 
only coincidental. Cases of simultaneous hy- 
perfunction of the thyroid and parathyroid 
glands have been reported (52). The real 
danger in feeding high calcium and phos- 
phorus preoperatively to patients with hy- 
perparathyroidism is that it may increase the 
predisposition to metastatic calcification. In 
hyperthyroidism no such danger exists. 

In 1936, we discovered incidentally, while 
doing iodine and calcium correlation studies, 
that one of the patients with hyperthyroidism 


showed remarkable retention of calcium over 
normal when enough was given to meet the 
increased metabolic requirements of the dis- 
ease (66). This demonstrated to us the pos- 
sible need for adequate calcium therapy and 
led us to investigate the effects of calcium 
feeding upon the negative calcium balance of 
hyperthyroidism. Until that time, it had 
been believed that ingestion of extra amounts 
of calcium did not influence the retention of 
calcium. Since then we have given all of our 
hyperthyroid patients calcium, phosphorus, 
and vitamin D, preoperatively. In this re- 
spect, it is significant that none of the patients 
who received an adequate supply of calcium, 
phosphorus, and vitamin D developed so 
called thyroid crisis. The postoperative reac- 
tions have been minimal. There have been 
no deleterious effects (64). 

Certain patients with impending thyroid 
crisis who did not react to iodine or who es- 
caped from iodine control subsequent to pro- 
longed administration of iodine, were treated 
successfully and more quickly prepared for 
surgery by use of adequate amounts of cal- 
cium, phosphorus, and vitamin D as well as 
iodine and proper general management with- 
out employment of an iodine vacation. Pa- 
tients with severe acute spontaneous exacer- 
bations of hyperthyroidism were more easily 
brought under control and more adequately 
and promptly prepared for surgery by use of 
the common conservative methods including 
judicious bed rest and control of physical 
activity, freedom from emotional strain, to- 
gether with a balanced diet of high vitamin, 
high protein, high carbohydrate, and high 
caloric content, and iodinization along with 
added calcium, phosphorus, and vitamin D 
(64). 

The fundamental importance of these clini- 
cal factors in the management of hyperthy- 
roidism has led us, therefore, to attempt to 
determine the effects of adequate calcium, 
phosphorus, and vitamin D therapy on the 
gross disturbances of the calcium balance in 
this disease. 


EXPERIMENTAL METHODS 


The principles underlying the clinical and 
laboratory methods have been set forth in de- 
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tail in previous papers (61, 62, 63, 66). In- 
vestigations were accomplished under strict 
conditions of supervision with only those di- 
rectly in charge of the work being permitted 
to handle the food, the specimens and the 
medications of each patient. During a pre- 
liminary or observation period of at least 4 
days to establish exogenous control of the 
calcium and phosphorus metabolism, the pa- 
tient was reviewed historically and physically 
as well as by laboratory methods including 
the complete blood count, urinalysis, essential 
blood chemistry, radiologic studies, and liver 
and renal function tests, to determine suit- 
ability for study. At the same time the pa- 
tient selected a constant, adequate, and palat- 
able diet and became adjusted to the new diet 
and new procedures. Whereas our previous 
studies have been confined almost entirely to 
low calcium intakes, in this study many peri- 
ods on a high calcium diet were also included 
to follow periods of low calcium intake. The 
calcium content of the diet was increased 
principally by the addition of milk. The high 
calcium diet was supplemented by use of dif- 
ferent sources of calcium, phosphorus, and 
vitamin D. The daily fluid intake, the salt 
intake, and the acid-base values of the diet 
were kept constant. The diets given and the 
dietary methods used are presented in another 
paper (55, 61). We considered the nitrogen 
balance because it has been shown that this 
usually remains negative in the hyperthyroid 
patient unless excess protein is given to main- 
tain a positive balance. We did not do nitro- 
gen balance studies. An allowance of 1 gram 
of protein per kilogram of body weight is 
usually enough to prevent nitrogen loss if a 
sufficient caloric intake is maintained to pre- 
vent loss of body weight. These patients were 
maintained at a constant weight throughout 
the low and high calcium and phosphorus 
feedings, and the protein content of both the 
high and of the low calcium and phosphorus 
diets was kept constant at 144 to 2 grams 
daily per kilogram of body weight. The car- 
bohydrate intake was kept high. The fat in- 
take was kept low. : 

A perchloric acid method (61) with minor 
modification was used for the determination 
of calcium in the food, urine, and feces. The 


serum calcium was determined by the Clark 
and Collip (15) method, the blood phosphorus 
by the method of King (37), the blood phos- 
phatase by a modification of the Bodansky 
method (70), and the blood total proteins by 
the falling-drop method of Kagan (36). 


EFFECTS OF ADEQUATE CALCIUM, PHOSPHORUS 
AND VITAMIN D ADMINISTRATION ON THE 
NEGATIVE CALCIUM BALANCE OF HYPER- 
THYROIDISM 


Six patients with hyperthyroidism were in- 
vestigated over several periods on diets of 
relatively low calcium content which were 
followed by periods of study on diets of high 
calcium content with added milk as the prin- 
cipal source of increase. The high calcium 
diets were then supplemented during subse- 
quent periods by different sources of calcium, 
phosphorus, and vitamin D. The protocol 
and results of the investigations of one patient 
(F.W.) have already been presented (66). 
Those of the other patients may be reviewed 
briefly as follows: 


M. H., No. 412399, a white female of 52 years of 
age, entered University Hospital on March 31, 1941, 
for the surgical treatment of toxic nodular goiter. 
She had had goiter for 20 years. She presented a his- 
tory of typical toxic nodular goiter of 3 years’ dura- 
tion, the symptoms including increased nervousness, 
palpitation, easy fatigability, heat intolerance, and 
increased perspiration. There were pressure symp- 
toms of dyspnea and occasional dysphagia. The 
appetite was voracious, the food intake great, and 
there was no weight loss. For 8 months prior to 
admission the predominant symptoms of hyperthy- 
roidism were referable to the musculoskeletal sys- 
tem. These simulated the symptoms of acute post- 
traumatic or Sudeck’s bone atrophy. She complained 
of ‘swelling, tenderness, and of intense pain of the 
upper arms on movement of the shoulder joints with 
subsequent limitation of motion of these joints. 
Generalized myasthenia and muscle and joint pains 
were associated. The myasthenia was so severe that 
she became bed-ridden. The pain was so intense 
that she required morphia on several occasions. 

Physical examination revealed a fairly well nour- 
ished white female who exhibited considerable appre- 
hension and marked tremors of the hands. There 
was no exophthalmos and the exophthalmometric 
readings were 16 millimeters, which are normal. The 
thyroid was enlarged and nodular. The skin was 
warm and moist and a tachycardia was present. 
Active and passive movements of shoulder joints 
were markedly limited by severe pain. Reflexes were 
hyperactive. 
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TABLE II.—DATA FOR M. H., No. 412399, WHITE FEMALE OF 52 YEARS WITH TOXIC NODULAR GOITER 


Calcium Blood 
Date 
Serum 
Period| Period | Weight staat Date | Serum | phos- | Phos- | Total |B-M-R:| Remarks 
1941 | Intake} Balance 41 | calcium | phorus | phatase | protein | P® 
Urine | Feces | Total | gm. gm. mgm. | mgm. | Bodan-| gm. 
gm. | gm. gm. per cent | per cent | sky unit! per cent 
Low calcium diet of 3,186 calories with 100 gm. protein 
I] 4-4 51 0.291 | 1.445 | 1.736 | 1.109 | —0.627 | 4-5 8.4 4.6 2.1 4.9 +35 Bedrest 
Il 4-7 51 0.416 | 1.161 | 1.577 | 1.100 —0.468 | 4-8 10.5 3-5 3-3 5.9 +52 
High calcium diet of 3,156 calories with 105 gm. protein 

III | 4-10 51 0.408 | 2.181 | 2.589 | 4.867 +2.278 4-11 7.2 3.1 3.1 6.2 +20 | 600c.c. sofkurd 
milk daily. 

IV 4-13 51 0.317 | 2.546 | 2.863 | 4.867 +2.004 4-15 10.6 2.9 2.9 6.2 +27 

High calcium diet supplemented with calcium lactate and drisdol by mouth 

Vv 4-16 51 0.376 | 4.237 | 4.614 | 6.527 +1.913 | 4-17 10.8 4.1 2.5 6.0 +25 600 c.c. sofkurd 
milk, 3 gms. cal- 

vI 4-19 51 0.434 | 7.046 | 7.481 | 6.527 —0.055 4-21 10.2 3.5 33 6.3 +20 cium lactate pow- 
der, and drisdol 
10 drops daily 

High calcium diet supplemented with di-calcium phosphate with viostero] by mouth 

VII | 4-22 50 0.536 | 7.379 | 7.915 | 8.437 | +0.522 | 4-24 11.3 3-5 2.3 5.9 +26 | 600c.c. sofkurd milk 

and dicalcium 
VIII | 4-25 51 0.345 | 2.009 | 2.445 | 8.437 | +5.9002 | 4-27 10.8 3-5 3-4 6.0 +17 phosphate wafers 

with viosterol 
daily 


Admission red blood count was 5,100,000 with the 
hemoglobin 14.5 grams per cent. The white blood 
count was 8,600 with the neutrophils 73 per cent, the 
lymphocytes 23 per cent, the monocytes 2 per cent, 
the eosinophils 1 per cent, and the basophils 1 per 
cent. The urinalysis was negative. The Wasser- 
mann and Kahn reactions of the blood were nega- 
tive. The basal metabolic rate on April 4, 1941, was 
plus 35 per cent with the basal pulse 100, the temper- 
ature 98.2 degrees F., the respiratory rate 20, the 
blood pressure 130 systolic and 70 diastolic, and the 
weight 114 pounds. The total blood iodine was 10.00 
with the acetone insoluble fraction 2.88 micrograms 
per cent. The blood amylase was 4.2 units, which 
is normal. The blood cholesterol was 146 milligrams 
per cent. The prothrombin was normal. The hip- 
puric acid liver function test yielded 3.2 grams, a 
normal result. The bromsulphalein test was normal. 
The phenolsulfonphthalein test showed 55 per cent 
excretion in the first hour and 1o per cent during the 
second hour after intravenous administration. Roent- 
genography showed generalized osteoporosis parti- 
cularly of the upper left humerus (Fig. 4). 

Calcium studies were made from April 4 to April 
28, 1941. A low calcium diet (Table II and Fig. 3) 
was given for 6 days. A diet of high calcium content, 
principally due to addition of 600 cubic centimeters 
of “sofkurd” milk daily, was then administered for 
6 days. The high calcium diet was supplemented by 
15 grains of calcium lactate and 1o drops of drisdol 
daily for 6 days. During the last 6 days the high 
calcium diet was supplemented by 5 wafers of dical 
D daily. 


Bilateral subtotal thyroidectomy was done on 
May 2, 1941, followed by an uneventful recovery. 
Gross and microscopic studies showed nodular 
goiter. 


There was remarkable improvement of the 
entire musculoskeletal symptomatology. Con- 
siderable improvement in movement of the 
shoulder joints was associated. The basal 
metabolic rate decreased from plus 35 to plus 
17 per cent on general management without 
iodine. Calcium studies on a low calcium diet. 
averaging 1,109 milligrams per period, showed 
definite increase in loss of calcium over normal. 
With the administration of extra amounts of 
calcium (Table II and Fig. 5), the patient 
retained as high as 2 grams of calcium and 1.2 
grams of phosphorus daily. After 8 days of 
high calcium feeding, she experienced remark- 
able relief from pain. Movement of the shoul- 
ders became progressively better. The myas- 
thenia decreased so that she was able to sit up 
in a chair. Roentgenographic studies made 5 
months after the operation following contin- 
ued adequate calcjum therapy showed no 
appreciable decrease in the osteoporosis of the 
humeri but definite improvement in that of 
the hand bones. Means, Hertz, and Lerman 
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reported a similar case in which calcium and 
viosterol were administered with relief of 
symptoms, but roentgenograms taken later 
did not give evidence of recalcification. Since 
our patient probably lost a considerable 
amount of calcium during the 3 years of hy- 
perthyroidism, it is possible that it will take 
more time to replace this loss. This should 
explain the failure of complete recalcification 
to become apparent on the roentgenograms 
after 5 months of adequate calcium, phos- 
phorus, and vitamin D therapy following 
thyroidectomy. 

This study again demonstrates the differ- 
ence in the calcium excretion between exoph- 
thalmic goiter and toxic nodular goiter, which 
is not so great in the latter. The maintenance 
of a positive calcium balance with a milk diet 
as well as with various calcium salts is also 
re-emphasized. 


M.C., No. 413528, a white female of 56 years, 
entered University Hospital on May 7, 1941, for 
management of toxic nodular goiter. She had had a 
goiter for about 20 years. It remained symptomless 
up to 5 years ago when she first experienced dyspnea 
and rarely dysphagia. During the past 3 years she 
became increasingly aware of toxic symptoms in- 
cluding nervous irritability, restlessness, profuse per- 
spiration, and emotional instability. There had been 
gradual loss of weight from 172 to 138 pounds in 
spite of hunger and increased food intake. Insomnia 
and choking sensations were occasionally associated. 
During several months prior to admission she had 
occasional pains over the entire body involving par- 
ticularly the lower extremities. 

Physical examination disclosed a moderately nerv- 
ous and somewhat emaciated white woman. The 
thyroid gland was enlarged and nodular. Slight tre- 
mors of the extended hands existed. Exophthalmo- 
metric readings were 13 millimeters (normal). The 
pulse rate was 94. There was tenderness over the 
thighs and legs. Reflexes were moderately hyper- 
active. 

Admission red blood count was 4,130,000 with 
hemoglobin 14.2 grams per cent. The white blood 
count was 7,650 with the neutrophils 62 per cent, the 
lymphocytes 36 per cent, and the monocytes 2 per 
cent. The urinalysis was negative. The Wasser- 
mann and Kahn reactions of the blood were nega- 
tive. The basal metabolic rate was plus 29 per cent 
on May 12 with the basal pulse 78, the temperature 
08 degrees F., the respiratory rate 15, the blood pres- 
sure 150 systolic and 84 diastolic, and the weight 134 
pounds. The total blood iodine was 6.18 with the 
acetone insoluble fraction 1.10 micrograms per cent. 
The blood urea nitrogen was 18, the sugar 68, and 
the cholesterol 157 milligrams per cent. The blood 
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Fig. 5. The maintenance of a positive calcium balance 
with a milk diet and particularly by dicalcium phosphate 
with viosterol by mouth is emphasized. 


amylase was 7.5 units. The prothrombin was de- 
creased to 54 per cent of normal. The phenolsul- 
fonphthalein renal function test showed 60 per cent 
excretion in the first hour and 30 per cent during the 
second hour after intravenous administration. The 
hippuric acid test of liver function yielded 1.4 grams. 

‘Calcium and phosphorus metabolic studies were 
made from May 10 to May 25, 1941. During the 
first 9 days a low calcium diet (Table III and Fig. 6) 
was given. This was followed by a diet high in cal- 
cium content, principally due to addition of 600 
cubic centimeters of homogenized milk, supple- 
mented by 5 wafers of dical D. 

After the investigation iodine was given without 
further change in the basal metabolic rate, and a 
subtotal thyroidectomy was done. Gross and micro- 
scopic study showed evidence of so called mixed 
goiter with many areas of hyperplastic tissue as well 
as areas of nodular colloid goiter. 


During our study of this patient, there was 
a definite trend to clinical amelioration to- 
gether with a slowly decreasing basal meta- 
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TABLE III.—DATA FOR M. C., No. 413528, WHITE FEMALE OF 56 YEARS, TOXIC NODULAR GOITER 


Calcium 


Blood 


Period —_ Weight Output Date 
Balance | 194! 
Urine | Feces | Total} gm. gm. 


gm. | gm. | gm. 


Serum 

Serum Phos- | Total ae. 

calcium | phorus | phatase | protein | © 
Bodan 


Remarks 


mgm. mgm. \- gm. 
per cent | per cent |sky unit | per cent 


Low calcium diet of 3,186 calories with 100 gm. protein 


—0.928 | 5-12 


1.538 | 2.037 


0.499 


11.5 44 7.0 7.4 +29 | Bedrest 


Il 5-13 60 0.466 | 1.345 | 1.812 | 1.109 | —0.703 5-15 


12.4 9.8 7.6 6.4 +27 


0.352 | 1.862 | 2.214 | 1.109 —I.105 5-18 


10.2 5.5 7.5 6.2 +24 


High cal 


cium diet of 3,156 calories supplemented by di-calcium phosphate with viostero] wafers 


IV 5-19 59 


0.441 | 6.673 | 7.115 | 8.082 | +1.867 5-21 


10.6 5.9 6.2 6.4 +13 | 600 c.c. regular 


Vv 5-22 59 0.441 | 4.135. | 4.576 | 8.082 +4.406 | 5-24 


cium phosphate 
wafers with vios- 
terol daily 


milk and 5 dical- 
10.7 5.7 6.6 6.0 +20 i 


bolic rate from plus 33 to plus 20 per cent. On 
a low calcium diet, averaging 1,109 milligrams 
per 3 day period, definite loss of calcium oc- 
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Fig. 6. When adequate calcium was supplied principally 
from milk and wafers of dicalcium phosphate with viosterol, 
a sudden reversal of the calcium balance occurred with 
much retention of calcium. 


curred over normal (Table III and Fig. 6). 
When more calcium was supplied principally 
from milk and wafers of dicalcium phosphate 
with viosterol, a sudden reversal of the cal- 
cium balance occurred with considerable re- 
tention of calcium (Table III and Fig. 6). 

This patient with mixed goiter showed a 
greater excretion of calcium than the usual 
patient with toxic nodular goiter, but less loss 
than the usual patient with exophthalmic goi- 
ter. She clearly demonstrated retention of 
calcium when the nutritional needs for cal- 
cium were met. 


L. M., No. 408788, a white female of 45 years 
entered University Hospital on December 11, 1940, 
for management of exophthalmic goiter. She com- 
plained bitterly of marked nervous irritability, se- 
vere palpitation, and emotional instability. About 
1 month prior to admission she began to notice a sud- 
den generalized nervousness. Marked trembling of 
the extremities, headaches, easy fatigability, and 
profuse perspiration were also present. A week later 
she observed a swelling in her neck which slowly 
became larger. A weight loss of from 165 to 147 
pounds accompanied these symptoms. In addition, 
there were moderate deep aching pains of the upper 
and lower extremities. Polydipsia and polyuria were 
present, along with occasional choking sensations 
and insomnia. 

Physical examination revealed a well nourished 
woman who appeared extremely nervous and irri- 
table. The thyroid gland was moderately and dif- 
fusely enlarged. Fine tremors of the extended hands 
existed. The pulse rate was 120. The exophthal- 
mometric readings were normal. 

The admission blood count and urinalysis were 
normal. The Wassermann and Kahn reactions of the 
blood were negative. The basal metabolic rate was 
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TABLE IV.—DATA FOR L. M., No. 408788, WHITE FEMALE OF 45 YEARS WITH EXOPHTHALMIC GOITER 


Calcium Blood 


let Serum 
started Weight Output Serum | phos- Phos- Total Remarks 
1940 kgm. Intake} Balance calcium | phorus | phatase | protein 
1941 Urine | Feces | Total | gm. gm. mgm. | mgm. | Bodan-| gm. 
gm. gm. gm. per cent | per cent | sky unit | per cent 


Low calcium diet of 3,000 calories with 99 gm. protein 


12-18-40 0.716 | 1.764 | 2.481 | 1.065 —1.416 | 12-19 9.3 4.2 5-4 


12-21-40 0.395 | 3-855 | 4.251 | 1.141 —3.110 | 12-22 14.0 5.0 7.8 


High calcium diet of 3,158 calories with 103 gm. protein 


12-24-40 4.915 | 6.502 | +1.677 | 12-24 10.6 4-5 3.0 1,500 c.c. sofkurd 
milk daily 


12-27-40 6.304 | 6.502 +0.288 | 12-28 10.4 3-9 3.6 


High calcium diet supplemented with calcium gluconate by mouth 


12-30-40 7.762 | 9.078 | 9.292 +0.214 | 12-31 10.6 4.2 4-7 5.8 ’ 1,500 c.c. sofkurd 
- milk and to gm. of 
I-2-41 J 9.226 | 9.968 | 9.292 —0.676 1-3 11.3 4.8 41 5.8 — gluconate 
4 laily 


plus 95 per cent with basal temperature 99 degrees, 
pulse 120, and respirations 20, the blood pressure 120 EXOPHTHALMIC GOITER 
systolic and 60 diastolic and the body weight 67 LM. 408788, White female, aged 45 years 
kilograms. Total blood iodine was 14.21 micrograms ; 

per cent with the acetone insoluble fraction 2.62 
micrograms per cent. The blood sugar was 95.0 and 
the cholesterol 167.0 milligrams per cent. The blood 
urea nitrogen was 12.0 milligrams per cent. Pro- 
thrombin was go per cent of normal. The phenolsul- 
fonphthalein renal function test showed 50 per cent 
excretion in the first hour and 15 per cent excretion 
during the second hour after intravenous administra- 
tion. Hippuric acid hepatic function test yielded 3.3 
grams. Roentgenograms of the hands and pelvis 
showed no detectable osteoporosis. 

The calcium metabolism investigations were made 
from December 18, 1940, to January 5, ro41. A Ca Gluconate by Mouth 
constant low calcium diet (Table IV and Fig. 7) 
to which the patient had become accustomed, was 
given during the first 6 days (55). This was followed 
by a diet of high calcium content, principally due to 
addition of 1500 cubic centimeters of ‘“‘sofkurd”’ 
milk daily, for the next 6 days (Table IV and Fig. 7). 
The high calcium diet was supplemented by 10 grams 
of calcium gluconate daily by mouth during the last 
6 days of study (Table IV and Fig. 7). 

Later treatment consisted also of adequate iodini- 
zation with decrease of the basal metabolic rate to 
plus 50 per cent followed by a two stage thyroidec- 
tomy. Convalescence was uneventful. Gross and 
microscopic study showed characteristic diffuse hy- 
perplastic goiter. 
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This woman presented severe exophthalmic lccusima THREE DAY PERIODS OF OBSERVATION | 
goiter, verging on a thyroid crisis. She im- 
proved greatly on general management with Fig. 7. Note the marked negative calcium balance on a 


low intake of calcium and the development of a remarkable 
high calcium intake, and the basal metabolic and early reversal of the balance when proper calcium was 
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Calcium 


SURGERY, GYNECOLOGY AND OBSTETRICS 


TABLE V.—DATA FOR E. M., No. 408171, COLORED FEMALE OF 19 YEARS WITH EXOPHTHALMIC GOITER 


: i jei Output ate 
Period| eight 
— kgm. Intake} Balance 
Urine | Feces | Total | gm. gm. 
gm. gm. gm. 


1940 


Serum 
B.M.R. 
Serum | phos- Phos- | Total per cent 


calcium | phorus | phatase | protein 
mgm. mgm. | Bodan- gm. 
per cent | per cent |sky unit | per cent 


Remarks 


Low calciu 


m diet of 3,000 calories with 99 gm. protein 


11-21 54.0 | 0.354 1.906 | 2.260 | 1.065 —1.195 | 11-22 


12.1 3-4 79 5-4 +48 | Bedrest 


| 0.465 2.373 | 2.838 | 1.065 —1.773 | 11-25 


10.9 5-4 5.8 6.4 +46 


High calcium diet of 3,158 calories with 103 gm. protein 
lll | 11-27 | 54.0 | 0.783 | 6.760 | 7.543 | 7.979 | +0.436 | 11-28 11.2 5.6 6.4 6.9 +67 = eel 
| y 
IV | 11-30 | 55.0 | 0.639 | 6.865 | 7.504 | 7.070} +0.475 |11-30| 8.5 5.1 48 5.8 +57 


High calcium diet supplemented with calcium gluconate by mouth 
v | 12-3 54.4 0.518 10.649 |11.167 |10.679 —0.488 | 12-2 10.7 5.8 4.4 6.0 +55 1,500 c.c. regular 
| milk and calcium 
VI | 12-6 55.0 | 0.460 |10.486|10 946 |10.670| —0.267 | 12-4 10.6 3.8 7.9 6.5 +64 gluconate 10 gm. 
daily. Milk re- 
VIl | 12-0 54.4 | 0.305 | 4.222) 4.527| 7.471} +1.9044 | 12-8 9.9 4.9 5.6 6.4 +75 duced to 750 c.c. 
daily in period No. 
VIL because o 
marked diarrhea 


calcium diet supplemented with calcium chloride by vein 
VIII | 12-12 54.0 0.261 2.564 | 2.825 | 2.805 —0.020 | 12-10 10.2 5.0 5.8 6.5 +70 | 30 c.c. calcium 
IX 12-15 54.0 0.643 | 1.002 | 2.545 | 2.805 +0.261 | 12-13 10.1 5.3 $3 5-4 +83 given intraven- 


ously daily. Diar- 
rhea partially con- 
trolled 


cent. The total blood iodine decreased to 
9.11 with the organic fraction 2.43 micrograms 
per cent. On a relatively low intake of cal- 
cium, averaging 1,053 milligrams per period, 
there occurred a marked negative calcium 
balance reaching a maximum of 3,110 milli- 
grams per period (Table IV and Fig. 7). A 
diet of high calcium content, principally due 
to added milk, was then given. On this in- 
creased intake of calcium, 6,592 milligrams 
per period, there developed a remarkable and 
early reversal of the balance with maximum 
retention of 1,677 milligrams of calcium per 
period (Table IV and Fig. 7). A decrease in 
retention of calcium to definite loss occurred 
in periods V and VI when the high calcium 
diet was supplemented by calcium gluconate. 
The blood serum calcium remained within 
normal limits except for a definite rise in 
period II. The blood phosphorus and total 
proteins remained within normal limits. The 
blood phosphatase was slightly increased in 
the first two periods but normal in other 
periods. 


E. M., No. 408171, a colored female of 19 years, 
entered University Hospital on November 17, 1940, 
for the consideration of subtotal thyroidectomy in 
the treatment of exophthalmic goiter. She first be- 
came aware of goiter about 4 or 5 months prior to 
admission with associated symptoms of exophthal- 
mos, increasing nervousness, a marked heat intoler- 
ance, and an emotional instability. She also com- 
plained of tremors of both hands, dysphagia, and 
considerable dyspriea on exertion. Loss of weight 
from 135 to 120 pounds occurred in spite of a voraci- 
ous appetite with increase in food intake. 

Physical examination disclosed a well nourished 
but extremely apprehensive young woman who 
weighed 54 kilograms. Moderate exophthalmos and 
fine tremor of both hands were obvious. Exophthal- 
mometric readings were 21 millimeters bilaterally, a 
definite increase over normal. Examination of the 
neck revealed diffuse enlargement of both lobes as 
well as of the isthmus of the thyroid gland. There 
was tendency to lobulation of the gland. A bruit was 
easily heard over both lobes. The pulse rate was 120. 
The reflexes were hyperactive. 

Admission red blood count was 4,900,000 with the 
hemoglobin 13.5 grams per 100 cubic centimeters. 
The white blood count was 9,200 with neutrophils 
59 per cent, lymphocytes 40 per cent, and monocytes 
1 per cent. Urinalysis was negative. The Wasser- 
mann and Kahn reactions of the blood were nega- 
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tive. The basal metabolic rate on November 21, 
1940 was plus 48 per cent with the basal temperature 
98.4 degrees, the pulse rate 92, the respiratory rate 
15, the blood pressure 130 systolic and 60 diastolic, 
and the weight 54 kilograms. Blood iodine was 20.90 
micrograms per cent with the acetone insoluble frac- 
tion 4.48 micrograms per cent. The blood prothrom- 
bin was 73 per cent of normal, which is within nor- 
mal range. Blood amylase was 6.8 units. The blood 
sugar was 99 and cholesterol 152 milligrams per 
cent. Blood urea nitrogen was 14.5 milligrams per 
cent. The hippuric acid liver function test was 2.3 
grams, a decrease below normal. The phenolsul- 
fonphthalein renal function test showed 60 per cent 
excretion in the first hour and 5 per cent excretion 
during the second hour after intravenous adminis- 
tration. Electrocardiogram showed sinus tachycar- 
dia. Roentgenography of skeleton showed no de- 
tectable pathology. 

Calcium and phosphorus balance studies were 
made from November 21, 1940, to December 18, 
1940. A constant low calcium diet (Table V and 
Fig. 8) which was suitable to the patient was given 
during the first 6 days. This was replaced by a high 
calcium diet (Table V and Fig. 8) containing 1500 
cubic centimeters of homogenized milk daily for the 
following 6 days. Ten grams of calcium gluconate 
daily were used to supplement the high calcium diet 
for the next 9 days. The milk intake was decreased 
to 750 cubic centimeters daily during the period VII. 
During periods VIII and IX, the patient returned to 
the low calcium diet plus intravenous administration 
of 10 cubic centimeters of 10 per cent calcium chlo- 
ride three times daily. 

Later treatment also consisted of adequate iodini- 
zation. Bilateral subtotal thyroidectomy was per- 
formed on January 11, 1941, followed by uneventful 
convalescence. Gross and microscopic examination 
of the removed goiter revealed diffuse hyperplasia 
with iodine induced colloid involution. 


During our investigation the woman de- 
veloped a diarrhea and slowly increasing basal 
metabolic rate of from plus 48 per cent on 
November 21, 1940, to plus 83 per cent on 
December 15, 1940. The total blood iodine, 
however, decreased to 10.99 with the acetone 
insoluble fraction 2.54 micrograms per cent 
and the other clinical symptoms improved 
during that period. On a low intake of cal- 
cium, averaging 1,065 milligrams per 3 day 
period, there was marked loss of calcium 
(Table V and Fig. 8). A reversal of the bal- 
ance with moderate retention of calcium oc- 
curred in periods III and IV on a diet of high 
calcium content principally due to added milk. 
During periods V, VI, and VII an uncontroll- 
able diarrhea developed resulting in decreased 
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Fig. 8. Intravenous administration of 10 cubic centi- 
meters of 10 per cent calcium chloride 3 times daily main- 
tained a retention of calcium in spite of uncontrollable 
diarrhea. 


retention of calcium in spite of a high calcium 
diet supplemented by 10 grams of calcium 
gluconate daily by mouth. The diarrhea con- 
tinued during period VII even though only’ 
750 cubic centimeters of milk wasadministered; 
daily. During periods VIII and IX the patient _ 
returned to the low calcium diet supplemented 
by intravenous administration of 10 cubic 
centimeters of 10 per cent calcium chloride 
three times daily which maintained a reten- 
tion of calcium in spite of the diarrhea. The 
blood calcium was slightly increased during 
period I (Table V) but ranged within normal 
limits on other determinations. The blood 
phosphorus was normal on several determina- 
tions. The blood phosphatase ranged from 
4.4 to 7.9 Bodansky units and was definitely 
increased on few occasions. The blood pro- 
teins ranged from 5.4 to 6.5 grams per cent. 
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TABLE VI.—DATA FOR D. D., No. 418819, WHITE MALE OF 27 YEARS WITH EXOPHTHALMIC GOITER 


SURGERY, GYNECOLOGY AND OBSTETRICS 


Blood 


Calcium 
Period| Period | Weigh Output Date 
— Intake] Balance | 194! 
Urine | Feces | Total | gm. gm. 


gm. | gm. 


gm. 


Serum B.M.R 
Serum | phos- Phos- Total 
calcium | phorus | phatase | protein | P® 

mgm. | Bodan- 
per cent |sky unit 


Remarks 


mgm. gm. 
per cent per cent 


Low calcium diet of 3,186 calories with 100 gm. protein 


1.684 | 3.177 | 1.109 


—2.068 | 11-18 


10.6 4.1 5.4 6.6 +45 | Bedrest 


If | 11-21 53 1.554 | 1.112 | 2.666 | 1.1090 


—1.557 | 11-22 


11.6 3.0 12.0 6.7 +40 


High calcium diet supplemented with calcium lactate and drisdol by mouth 


Ill 11-24 


| | | 


IV 11-27 53 2.105 | 3.331 | 5-436 | 6.568 | +1.131 | 11-28 


53 | 1.250 | 4.326 | 5.586 | 6.568 | +0.982 |11-25| 15.4 | 3.0 | 11.2 62 | +40 | 600c.c. regular 


-------— milk with calcium 

13.4 | 5-4 | 6.4 6.9 | +40 lactate 3 gm. and 
drisdol 10 drops 

| | | daily 


igh calcium diet supplemented with dicalcium phosphate with viosterol 


by mouth 


V | 11-30 53 1.402 | 5.636 | 7.128 | 8.982 +1.854 | 12-1 12.0 4.8 9.3 6.1 +30 600 c.c. regular 
a milk and 5 dical- 
VI | 12-3 52 1.351 | 6.232 | 7.583 | 8.082 | +1.309 | 12-4 12.5 6.3 10.3 5.7 +37 cium phosphate 
wafers with vios- 


terol daily 


High éalcium diet supplemented with calciu 


m chloride by vein 


VII] 12-6 53 41.351 | 4.070 5.421 | 7.095 


VILL | 12-0 53 1.468 | 4.359 | 5.828 


+2.574 | 12-8 


7.995 +2.167 | 12-11 


13.5 4-4 8.5 6.6 +46 | 30C¢.c. calcium 
chloride (10%) 
13.3 4.1 10.0 6.5 +31 given intraven- 
ously plus 600 
c.c. regular milk 
daily 


These findings illustrate the negative cal- 
cium balance found in exophthalmic goiter, 
and the maintenance of a positive balance on a 
high calcium intake. They also reveal the 
development of calcium retention by the use 
of calcium chloride intravenously in spite 
of diarrhea. 


D. D., No. 418819, a white male of 27 years, en- 
tered University Hospital on November 12, 1941, for 
the management of genuine exophthalmic goiter. 
He gave a history of gradual development of a goiter 
during the past 3 years. This was associated with 
increased nervous irritability, exophthalmos, dysp- 
nea, muscular weakness, easy fatigability, occupa- 
tional inefficiency, dysphagia, decreased tolerance 
to heat, tremors of the extremities, palpitation, and 
profuse perspiration. Frontal and temporal head- 
aches also occurred. He complained of pains in the 
knees, and in the calf, thigh, and leg muscles. He 
had lost weight from 157 to 117 pounds in the year 
prior to admission in spite of a voracious appetite. 
He had had no medical attention or treatment of the 
disease. 

Physical examination revealed a well developed 
but poorly nourished young man whose facial ex- 
pression was that of terror. The face was flushed. 
Skin was warm and moist. There was marked ex- 
ophthalmos with exophthalmometric readings of 23 


millimeters, bilaterally. A widening of the palpebrai 
fissures was present. A lag of the upper lids as the 
eyes followed the finger downward was demon- 
strated. Difficulty of convergence existed. The pro- 
truded tongue showed a fine tremor. The neck veins 
pulsated rapidly and vigorously. There was moder- 
ate diffuse enlargement of the thyroid gland, which 
moved on swallowing. A thrill was palpable and a 
bruit was heard by auscultation over the gland. The 
heart rate was rapid. There was a fine tremor of the 
extended and abducted fingers. 

Admission red blood count was 5,480,000 with the 
hemoglobin content 14 grams per cent. The white 
count was 7,650 with the neutrophils 68 per cent, the 
lymphocytes 30 per cent, and the monocytes 2 per 
cent. The urinalysis was negative. The Wasser- 
mann and Kahn reactions of the blood were nega- 
tive. The basal metabolic rate was plus 45 per cent 
with the basa] pulse rate 88, the respiratory rate 20, 
the temperature 98.2 degrees F., the blood pressure 
134 systolic and 64 diastolic, and the weight 117 
pounds. The total blood iodine on November 13 
was 6.3 micrograms per cent with the acetone 
insoluble fraction 1.7 micrograms per cent. The 
blood urea nitrogen was 10 milligrams per cent. The 
phenolsulfonphthalein renal function test showed 
85 per cent excretion in the first, and 5 per cent ex- 
cretion during the second hour after intravenous 
administration. The blood sugar was 69.0 and the 
cholesterol 152.0 milligrams per cent. The hippuric 
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acid liver function test yielded 3.9 grams. Roentgen- 
ograms of the vertebral column, shoulder and knee 
joints, and both hands showed a slight decalcification. 

Calcium and phosphorus metabolism studies were 
performed from November 18 to December 12, 1941. 
During the first 6 days, a diet of low calcium content 
was given (Table VI and Fig. 9). A diet of high cal- 
cium content (Table VI and Fig. 9), principally due 
to addition of 600 cubic centimeters of homogenized 
milk daily, was then administered supplemented by 
3 grams of calcium lactate and 10 drops of drisdol 
(2500 units vitamin D) daily by mouth for 6 days. 
The high calcium diet was later supplemented with 
5 dical D wafers daily by mouth for 6 days. During 
the last 6 days the high calcium diet was supple- 
mented with ro cubic centimeters of 10 per cent cal- 
cium chloride three times daily by vein. 

A regimen of complete bed rest, adequate seda- 
tion, and a high calcium, high phosphorus, high vita- 
min, and high caloric intake as well as adequate 
iodinization was later followed. On this regimen the 
basal metabolic rate decreased to plus 20 per cent on 
December 15 with the basal pulse rate 84, the tem- 
perature 98 degrees, the respiratory rate 14, the 
blood pressure 120 systolic and 68 diastolic, and the 
weight 117 pounds. Bilateral subtotal thyroidec- 
tomy was done on December 17, 1941, followed by 
an uneventful convalescence. Gross and microscopic 
study showed diffuse hyperplastic goiter. 


During our investigations on general man- 
agement alone without iodine, the patient im- 
proved clinically and the basal metabolic rate 
decreased from plus 45 to plus 31 per cent. 
The total blood iodine was 6.39 with the 
acetone insoluble fraction 1.51 micrograms per 
cent. The muscle and joint aches subsided. 
The basal metabolic rate further decreased to 
plus 20 per cent after adequate iodinization. 
Much loss of calcium occurred on a low calci- 
um intake (Table VI and Fig. 9). There was 
prompt response to added calcium in periods 
III and IV with a calcium retention of as 
much as 1,131 milligrams per period. Periods 
V and VI showed a further increase in reten- 
tion of calcium on a high calcium diet supple- 
mented with wafers of dicalcium phosphate 
with viosterol. A still greater increase in the 
positive balance occurred in periods VII and 
VIII on the high calcium diet supplemented 
by calcium chloride by vein. The blood cal- 
cium was found to be increased on 5 occasions 
(Table VI). The blood phosphorus was in- 
creased on one occasion (Table VI). The 
blood phosphatase was definitely increased 
(Table VI). The total proteins ranged within 
normal limits (Table VI). 
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EXOPHTHALMIC GOITER 
D.D. *416819, White male, aged 27 years. 
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Fig. 9. This study again demonstrates the marked nega- 
tive calcium balance in exophthalmic goiter on a low cal- 
cium intake. It also demonstrates a favorable response 
to adequate calcium therapy. 


This study again demonstrates the marked . 
negative calcium balance in exophthalmic goi- 
ter on a low calcium intake. It also demon- 
strates the response to calcium therapy with 
a marked retention of calcium and a reversal 
to a positive balance which is easily main- 
tained on three different types of calcium. 


ANALYSIS OF STUDY 


Gross disturbances of the calcium (Table I 
and Fig. 1) and phosphorus (64, 65) metabo- 
lism in hyperthyroidism vary greatly but are 
characterized chiefly by a grave loss of these 
elements both through the gastrointestinal 
and urinary systems when their intake is kept 
low or even optimum for normal persons. 
They are usually temporary, preventable, and 
reversible in character. They can readily be 
entirely controlled by ingestion or parenteral 
administration of adequate amounts of cal- 
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SURGERY, GYNECOLOGY AND OBSTETRICS 
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Fig. 10. Diets of high calcium content principally due to added milk lead to consistent 
retention of calcium. We have also supplemented the high calcium diets with four of 
the most common types of calcium salt used in therapy. They were all effective in 


maintaining retention of calcium. 


cium and phosphorus. There are some who 
have believed that the state of the calcium 
balance in hyperthyroidism is independent of 
the actual calcium content of the diet. In 
1936 we were able to prove for the first time 
the fallacy of this belief. Diets of high calcium 
and phosphorus content principally due to 
added milk (600 to 1500 c.c. daily) lead to 
consistent regular retention of both calcium 
(Table VII and Fig. 10) and phosphorus (64, 
65). We have also supplemented (64) the high 
calcium and high phosphorus diets with four 


TABLE VIL.—EFFECI’ OF CALCIUM FEEDING AND OF PARENTERAL CALCIUM ON CALCIUM 
BALANCE OF SEVERAL CASES OF HYPERTHYROIDISM 


of the most common types of calcium salt 
used in therapy (Table VII and Fig. 10). They 
were all effective in maintaining retention of 
both elements. Eleven hyperthyroid patients 
maintained on a relatively low intake of cal- 
cium, averaging 474 milligrams per day over 2 
total period of go days showed an average loss 
of 459 milligrams per day (Table VIII and 
Fig. 11). When 5 of these patients were in- 
vestigated on an adequate intake of calcium 
from different sources, averaging 2,410 milli- 
grams per day but ranging from 1,622 to 


Average output per 


Number |Totaldays| Average 3-day period Average y ae Average ee 
Type of calcium intake of of inves- | B.M.R. | calcium pers — per 3. -_ 
patients | tigation | percent mgm. pers peri 
per cent ™. gm. 
gm. gm. gm. 
. Low calcium diet II 90 +48 11.0 0.784 2.016 2.800 1.423 1.377 


. High calcium diet 4 24 +55 10.7 0.772 4.540 5.312 5.9015 +0.603 
3. High calcium diet plus calcium 2 15 +67 10.6 0.668 8.669 9 337 9.483 +0.145 
gluconate by mouth (10 gm. daily) 
4. High calcium diet plus calcium 2 12 +31 12.0 1.044 4-735 5-779 6.547 +0.768 
lactate (3 gm. daily) and drisdol 
(10 drops daily) by mouth 
5. High calcium diet plus calcium 2 12 +58 11.7 0.931 3.224 4.155 5.400 +1.255 


chloride intravenously (10 c.c. of | 
10% solution t.i.d.) | 


High calcium diet plus dicalcium) 
hosphate with viosterol by mouth 
fs wafers daily) 
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3,560 milligrams over a total period of 81 
days, remarkable retention of calcium re- 
sulted (Table VIII and Fig. 11). The state of 
the phosphorus metabolism (64) showed simi- 
lar spectacular changes with much retention 
of the element as will be reported in detail in 
another communication (65). Retention oc- 
curred whether the extra calcium was fed 
(Table VII) or administered parenterally 
(Tables V and VI) and in face of a severe 
diarrhea (Table V and Fig. 8). In our series, 
wafers of dicalcium phosphate with viosterol 
were instrumental in producing the most 
marked retention of calcium (Table VII and 
Fig. 10) when the amount of each drug was 
administered within reasonable limits of pal- 
atability. Dicalcium phosphate with vios- 
terol also produced the greatest retention of 
phosphorus (64, 65). 

The disturbances of the calcium metabo- 
lism due to hyperthyroidism are usually tem- 
porary in their effects on bones, but at times 
and especially in long standing hyperthyroid- 
ism in the presence of insufficient calcium in- 
take permanent pathologic changes of bone 
may occur which have so far not proved ame- 
nable to therapy of any type. Practically this 
far advanced stage can be best treated by pre- 
vention with adequate calcium and phos- 
phorus feeding and early diagnosis and treat- 
ment of hyperthyroidism. Muscular, joint, 
and bone pains as well as myasthenia are as- 
sociated frequently and have been treated 
successfully with extra amounts of calcium, 
phosphorus, and vitamin D by others (50) as 
well as by us. One of our patients (M. H.) 
presented prominent musculoskeletal symp- 
toms. Pain was so severe that she required 
morphia on several occasions. Myasthenia 
was of such intensity that the patient became 
bedridden. X-ray examination revealed slight 
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AVERAGE THREE DAY PERIODS OF OBSERVATIONS 


Fig. 11. Eleven hyperthyroid patients maintained on a 
relatively low intake of calcium showed loss of the element. 
When 5 of these patients were given adequate intakes of 
calcium from different sources, remarkable retention of the 
substance resulted 


osteoporosis of the entire skeleton with mod- 
erate to severe osteoporosis of the left upper 
humerus (Fig. 4). Administration of ade- 
quate amounts of calcium and phosphorus 
resulted in retention of as high as 2 grams of 
calcium and 1.2 grams of phosphorus daily 
(Fig. 5 and Table II). Within 8 days she ob- 
tained remarkable relief of pain. Movement 
of the shoulders became progressively better. 
The myasthenia decreased so that she was 
able to sit up in a chair. Orthopedic treatment 
has been at times used (9). 

These studies reveal that ordinarily hyper- 
thyroid patients require about 2 grams of cal- 
cium per day to maintain them in positive 


TABLE VIII.—EFFECT OF CALCIUM INTAKE ON CALCIUM METABOLISM OF SEVERAL CASES 


OF HYPERTHYROIDISM 
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calcium balance, which is at least twice the 
optimum calcium requirement for normal 
adults. Phosphorus requirements are simi- 
larly increased (64). When it is realized that 
the average American diet is barely sufficient 
to supply the normal adult requirements, then 
it is easily understandable that with the 
greatly altered metabolism of these two ele- 
ments in hyperthyroidism grave depletion fre- 
quently exists which should indicate urgent 
need for the application of prophylactic and 
remedial measures. 

Without adequate milk or cheese in the 
diet it is usually impossible to obtain the cal- 
cium required by hyperthyroid individuals 
through food alone. We have found that milk 
is an excellent source of utilizable calcium and 
phosphorus for hyperthyroid patients when 
supplied in quantities of about one and one- 
half quarts daily. In rare instances diarrhea 
is present so that no milk, or smaller amounts 
as tolerated, must be given and other forms of 
oral or intravenous therapy must be resorted 
to in order to supply the deficiency. It must 
also be remembered that utilization of cal- 
cium may be inadequate, even with sufficient 
intake, unless the factors which determine 
optimum absorption and utilization are main- 
tained, such as low fat and neutral or slightly 
acid balance of the diet, and proper phos- 
phorus and vitamin D intake. 

Most hyperthyroid patients when seen by 
the physician have had symptoms for at least 
many days. In such cases and in cases in 
which calcium loss has been severe or has oc- 
curred over a long period of time, such as in 
patients with obvious osteoporosis, 3 grams of 
calcium daily is a more adequate dose. We 
suggest that the high calcium diet be then 
supplemented by adequate intake of some 
form of dicalcium phosphate with viosterol 
in order to restore these lost minerals. This 
product in our experience seemed to promote 
the retention of calcium and phosphorus 200 
to 1000 per cent over that of other forms of 
lime salt. 

At the moment one of the best indications 
for calcium, phosphorus, and vitamin therapy 
is the necessity of managing some patients by 
nonsurgical means. This treatment consti- 
tutes an attempt to prevent the depletion and 


tendency to osteoporosis which may occur 
even in hyperthyroidism of short duration. 
The patients included would be the inoperable 
cases, those who refuse operation, and those 
who for certain reasons are receiving thioura- 
cil, usual medical therapy, roentgenotherapy 
or a combination of these forms of therapy. 
Calcium therapy is recommended for the rea- 
son that the number of failures in following 
these other methods of treatment varies but 
is usually high. Moreover, significant de- 
crease in toxicity is often not obtained for 
several weeks after beginning treatment. 

With good medical management including 
a high calcium, high phosphorus, and high 
vitamin D intake but without iodine one may 
usually expect definite improvement in the 
general symptomatology including the tre- 
mor, sweating, irritability, and hyperkinesis. 
When musculoskeletal symptoms referable to 
the loss of calcium and phosphorus are present 
they usually disappear. A maintenance of a 
good weight and a gain in strength, a diminu- 
tion in the tachycardia, and a decrease in 
pulse pressure are often associated. Decrease 
in the basal metabolic rate usually occurs. 
When, however, iodine is then added, there is 
often further clinical amelioration and further 
decrease of the basal metabolic rate. Calcium 
and phosphorus do have a definite place as re- 
placement therapy in hyperthyroidism. On 
the other hand, we do not advocate their use 
in place of iodine and the good general medica! 
management used in the past. 

In comparing the clinical course of those 
hyperthyroid patients since 1936 who have 
received adequate calcium, phosphorus, and 
vitamin D along with the older preoperative 
principles which we used to practice (ade- 
quate mental and physical rest, adequate se- 
dation, a well balanced diet of high carbo- 
hydrate, high protein, high vitamin, and high 
caloric content as well as adequate iodiniza- 
tion and treatment of existing complications) 
to that of patients treated prior to 1936, we 
have especially been impressed by the smooth 
postoperative course and absence of the so 
called hyperthyroid crisis in recent years. The 
postoperative reactions have been minimal, 
and there have been no deleterious effects (64). 
Because of these observations, recently we 
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have treated in the above manner without 
iodine vacation, the iodine-resistant patients 
with exophthalmic goiter with impending thy- 
roid crisis particularly following the prolonged 
administration of iodine. This regimen proved 
successful in introducing remission so that the 
patient was more easily and more quickly pre- 
pared for surgery. Similarly, patients with 
severe acute spontaneous exacerbations of 
hyperthyroidism were more easily brought 
under control and more adequately and 
promptly prepared for surgery. Long periods 
of preparation or of hospitalization before 
operation were thus avoided by this method 
(64). 

True thyroid crisis is one of the most 
dreaded and most alarming of the postopera- 
tive complications. It accounts for 25 to 50 
per cent of the immediate postoperative 
deaths in many clinics. It still occurs in spite 
of iodinization and often occurs in the patient 
who is refractory to iodine. The causes of 
refractoriness to iodine and of thyroid crisis 
remain unknown. The gland of these patients 
often, however, shows hyperplasia with thin- 
ning or absence of the colloid. These phe- 
_nomena are associated with lack of involution 
of the hyperplastic gland. Most evidence 
points to the fact that iodine therapy produces 
remission of thyrotoxicosis principally by in- 
creasing colloid storage of active organic iodine 
compounds. This is well shown by histologic 
examination which reveals marked colloid in- 
volution of the gland as well as by iodine 
analysis (62), by radio-iodine autography (45), 
and by radio-iodine fractionation (46) of the 
excised gland which show a high content of 
thyroxine, di-iodotyrosine, and inorganic io- 
dine in the colloid. 

In 1920 Kottman showed that calcium in- 
creased the viscosity of the colloid in the thy- 
roid gland. Cameron pointed out that of 
tissues other than bone, the thyroid gland has 
the highest concentration of calcium (30 mgm. 
“>). Abelin revealed that calcium has an 
inhibitory action on thyroxin. The studies of 
Hellwig (29) did not support the view that 
calcium has its effect through neutralization 
of thyroxine. He (30, 31) demonstrated ex- 
perimentally that the hyperplastic thyroid 
stored much colloid during simultaneous high 
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calcium and high iodine feeding. Thompson 
(75, 76) showed in 1933 and 1936 that in rats 
on diets containing the same amount of iodine, 
the blood iodine level was comparatively lower 
in the groups receiving additional calcium 
than in controls. Later, in 1934, Klein (38) 
was able to show that a high calcium diet pro- 
moted a greater storage of colloid during io- 
dine therapy than with iodine therapy alone. 
It is this augmentation of the storage of col- 
loid which may explain the therapeutic action 
of calcium in reversing an iodine resistant 
state to that of iodine remission and in pre- 
venting thyroid crisis. Further investigation 
of this problem is particularly necessary to 
determine the precise status of this regimen 
with regard to thyroid crisis, to the iodine 
refractory state, and to the effects of preoper- 
ative use of calcium, phosphorus and vita- 
mins. The optimal benefits of iodine are 
temporary and alone seldom constitute a sat- 
isfactory means of control. Up to date our 
method has been used in preparation for oper- 
ation and not as an independent method of 
treatment. An investigation of our regimen 
alone, without surgery, is now under way to 
determine whether calcium prolongs the re- 
mission effect of iodine. 

In spite of all our knowledge of the thyroid 
problem, there is still much lacking in the 
medical treatment of hyperthyroidism. Wit- 
ness the intensive studies made on thiouracil 
in an attempt to find a better method of treat- 
ing these patients medically. Thiouracil ther- 
apy does result in retention of calcium, phos- 
phorus, and nitrogen of hyperthyroid patients 
as shown by Sloan and Shorr, and it de- 
creases the blood content of the probably 
hormonal iodine fraction of the blood (19). It 
offers new hope of more effective medical con- 
trol of hyperthyroidism (5). At the moment, 
however, it is too soon to predict whether this 
drug can be employed safely in the routine 
management of thyrotoxicosis. Unfortunately, 
it has been found by several clinics that thiou- 
racil possesses certain inherent dangers which 
do not allow it to be an ideal medicament. It 
is hoped that there will be discovered related 
drugs or new methods which possess the fav- 
orable action without the toxic side effect of 
thiouracil. While such new drugs or new 
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methods are being developed, we are making 
careful clinical and laboratory studies of thiou- 
racil in comparison to our method of preop- 
erative preparation. It will probably take 
several years to determine the precise indi- 
cations and limitations of these methods. 


SUMMARY AND CONCLUSIONS 


1. Calcium, phosphorus, and vitamin D 
medication is of undoubted value in the treat- 
ment of clinical hyperthyroidism. Especial 
attention must be given to calcium, which in 
the usual diet is barely sufficient for a normal 
person. Hyperthyroid patients ordinarily re- 
quire about 2 grams of calcium daily to main- 
tain them in calcium retention. This is at 
least twice the optimum calcium requirement 
for normal adults. Three grams daily is a 
more adequate amount to restore the depleted 
calcium. Phosphorus requirements are simi- 
larly increased. 

2. Eleven hyperthyroid patients maintained 
on a relatively low intake of calcium, averag- 
ing 474 milligrams per day over a total period 
of 90 days, showed an average loss of 459 mil- 
ligrams per day. When five of these patients 
were further investigated on an adequate in- 
take of calcium from different sources, aver- 
aging 2,410 milligrams per day over a total 
period of 81 days, remarkable retention of 
calcium occurred which resulted in a positive 
balance of 362 milligrams per day. The 
state of the phosphorus balance showed simi- 
lar spectacular and beneficial changes. Re- 
tention occurred whether the calcium was fed 
or administered parenterally. 

3. We supplemented our high calcium and 
high phosphorus diets with four of the most 
common types of calcium salt used in therapy. 
They were all effective in maintaining reten- 
tion of calcium and phosphorus. However, 3 
of the 11 patients in our series received added 
amounts of phosphorus and vitamin D be- 
sides the added amounts of calcium in the 
form of dicalcium phosphate with viosterol. 
The latter seemed to promote increased reten- 
tion of calcium of 200 to 1000 per cent over 
that of patients receiving only added calcium, 
or calcium and vitamin D in palatable doses. 

4. Hyperthyroidism in the presence of in- 
sufficient calcium and phosphorus intake often 


produces definite osteoporosis which may be 
detected roentgenologically. Severe cases of 
osteoporosis may lead to osteomalacia and 
spontaneous fractures. Gross deformities and 
dwarfism may result. Practically, these com- 
plications of hyperthyroidism can be treated 
best by prevention, with feeding of adequate 
calcium, phosphorus, and vitamin D, and 
early diagnosis and treatment of the hyper- 
thyroidism. In late stages orthopedic meas- 
ures may be necessary. 

5. Muscular, joint, and bone pains and 
other symptoms are often associated. These 
can frequently be best controlled by calcium, 
phosphorus, and vitamin D therapy. 

6. Calcium and phosphorus along with vi- 
tamin D have no deleterious effects in hyper- 
thyroidism. They have a definite place as 
replacement therapy. On the other hand, we 
do not advocate their use to replace the sound 
medical methods of the past including iodini- 
zation, but rather as a supplement to them. 
When thus properly used preoperatively, we 
have been impressed with the much smoother 
postoperative course. 

7. True thyroid crisis is one of the most fre- 
quent, most dreaded, and most alarming of 
the postoperative hyperthyroid complications 
in many clinics. It still occurs in spite of ade- 
quate iodinization and often in the patient 
who is refractory to iodine. We feel that pre- 
operative calcium, phosphorus, and vitamin D 
are important in the treatment of the iodine 
refractory and the precrisis states, as well as 
in the prevention of thyroid crisis. These clin- 
ical effects are being further investigated. 

8. Adequate calcium, phosphorus, and vita- 
min D should especially be administered to all 
hyperthyroid patients who for some reason do 


not come to surgery early. The patients in-’ 


cluded are those who refuse operation, inoper- 
able cases, and those who are being treated by 
thiouracil, by older medical methods, by x-ray 
therapy, or by a combination of these methods 
of therapy. 
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THE POSTERIOR APPROACH FOR ARTHRODESIS 
AND OTHER OPERATIONS ON THE SHOULDER 


PAUL H. HARMON, Ph.D., M.D., Sayre, Pennsylvania 


HE relative inaccessibility of the 

glenoid face of the scapula and the 

entire acromion from the conven- 

tional anterior approaches to the 
shoulder has led the author to use a posterior 
route for arthrodesis of this joint. Greater 
familiarity with the shoulder from this side 
has increased the frequency with which this 
method has been used for other operations. 
As a result of this experience, the author be- 
lieves the posterior approach to be optimal 
for (1) arthrodesis of the shoulder, (2) opera- 
tions upon the superior and posterior aspects 
of the humerus, such as replacement of tuber- 
osity fragments and repair of certain types of 
rotator cuff lacerations, (3) operations for 
posterior dislocation of the shoulder, and (4) 
all operations upon the glenoid except those 
demanding exposure of only the anterior por- 
tion. Familiarity with the posterior approach 
will increase the ability of the surgeon to 
demonstrate types of pathology in this joint, 
other than those seen from the front. The 
author has used this method for shoulder 
arthrodesis in 10 cases, replacement of greater 
tuberosity fragments in 4 cases, for removal 
of exostoses on the posterior and _ inferior 
glenoid in 2 cases, and for exploration of the 
shoulder joint in 2 cases. This approach is 
not to be used for operations upon the cora- 
coid, the biceps tendon, and for most repairs 
in the supraspinatus region. 

The early surgeons approached the posterior 
part of the shoulder joint through a deltoid 
splitting route. This method fell into dis- 
repute because of frequent injury to larger or 
smaller twigs of the superior branch of the 
axillary nerve. This nerve and the branches 
of the suprascapular nerve to the supraspin- 
atus and the infraspinatus should not be seen 
or damaged in any “‘safe’’ posterior approach. 


From the Section on Orthopaedic and Traumatic Surgery, The 
Guthrie Clinic and the Robert Packer Hospital, Sayre, Pennsyl- 
vania. 


McWhorter in 1925 described a posterior ap- 
proach to the shoulder that has been the point 
of departure for the method described herein. 
Rowe and Yee have recently described a pos- 
terior approach for reduction and cure of 
posterior dislocation of the shoulder which 
differs only in certain minor details from the 
technique described in this paper. 


SURGICAL TECHNIQUE 


The patient is anesthetized either on the 
side or in the 30 degree oblique position with 
the shoulder to be operated upon uppermost. 
The entire arm, axilla, and posterior shoulder 
are prepared and draped. The usual precau- 
tions are taken not to expose excessive skin 
surface. 

The skin incision begins at the middle of the 
scapular spine and extends along and just in- 
ferior to it, outward to the region of the tip of 
the acromion. The posterior extent of the 
deltoid origin is noted. A subperiosteal dis- 
section is then made of the portion of the 
deltoid originating from the spine of the 
scapula. The detached posterior deltoid is 
reflected laterally and inferiorly in the wound. 
Care is taken not to pull it below the level of 
the muscle belly of the teres minor and to 
keep instruments out of the muscle substance 
of the detached deltoid. Injury to the axillary 
nerve is thus avoided. This stage of the dis- 
section is shown in Figure 1 with the proposed 
line of incision in the rotator cuff and posterior 
joint capsule. 

With the arm in neutral rotatory position, a 
vertical incision is made through the ten- 
dinous portion of the rotator cuff. This inci- 
sion can be made with impunity if properly 
placed in the tendinous portion and the op- 
erator keeps away from the muscle belly of 
the teres minor and the quadrilateral space 
beneath it, through which the axillary nerve 
emerges. The posterior joint capsule can then 
be separated from the peripheral tendinous 
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Scapular Spine bared 

by sub-periosteal 
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e Fig. 1. Superficial dissection in posterior approach to the shoulder. 
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T lap of the rotator cuff and incised in any di- 

- rection desired. Figure 2 shows the dissection 

n at this stage. The approach at this level is 
practically bloodless, being through tendon 

e and joint capsule. The exposure of the 

\- glenoid and head of the humerus is more ex- 

yf tensive than by any other route except by the 

e sabre-cut method. 

- When an arthrodesis is performed, the 

e acromion is cut by transverse osteotomy, 2 or 

e 2% inches from its tip, and the latter is buried 

is in a slot cut in the humeral head with the arm 

1. held in the correctly abducted position in the Fig. 2. Deep dissection; capsule opened. 
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frontal plane. If bone grafts are used in addi- 
tion, they can be accurately laid on the de- 
nuded posterior glenoid and the humeral head 
as shown in Figure 3. Closure of the incision 
can be made by any type of suture material 
preferred by the operator. The whole arm, 
forearm, wrist, and torso are then placed in a 
plaster shoulder spica that has been previously 
prepared. 

If the operator keeps below the spine of the 
scapula and does not dissect in the muscle 
belly of the infraspinatus, there is no danger 
that injury to the suprascapular nerve will 
take place. 


SUMMARY 


The surgical technique for a safe posterior 
approach for arthrodesis of the shoulder and 
other operations is described. Adherence to 
the technique as described, keeping the dissec- 
tion away from the muscle bellies of the infra- 
spinatus and teres minor and below the spine 
of the scapula, will avoid injury to the axillary 
and suprascapular nerves. 

REFERENCES 
1. McWuorter, G. L. Surg. Clin. N. America, 1925, 
2. Clin N. America, 1932, 12: 1239. 
3. Rowe, C. R., and YEE, L. B. K. J. Bone Surg., 1944, 
26: 580. 


( 
( 
t 
I 
I 
r 
t 
V 
a 
t 
r 
t 
s 
li 


il 
n 
le 
a 
Pp 
T 
it 
h 
W 
W 
Ww 
ir 
Ve 
W 
an 


MASSIVE EXTRUSIONS OF THE LUMBAR 
INTERVERTEBRAL DISCS 


A. VER BRUGGHEN, M.B., Ch.M., M.S., F.A.C.S., Chicago, Illinois 


GREAT deal has been written on the 
subject of the ruptured interverte- 
bral disc, but it appears that insuffi- 
cient stress has been laid on the seri- 

ous complications which may occur when this 
condition is inadequately treated. The ex- 
trusion of a large part of a disc may so com- 
press the cauda equina as to cause weakness 
of one leg with disturbance of urinary function 
or even a transverse cauda equina lesion with 
paraplegia and incontinence of the bladder and 
rectum. Dandy has drawn attention to these 
serious cases and it has been casually men- 
tioned by most of those writing on the subject 
of the ruptured discs. Most of the patients 
with the cauda equina lesions described in this 
article languished for days, weeks, or months, 
without a correct diagnosis being made. It 
seems proper, therefore, to discuss the symp- 
tom complex and to give detailed case histo- 
ries as examples in order to shorten the pa- 
tient’s illness and, perhaps, obtain better re- 
sults. The condition, when severe, constitutes 
one of the rare neurosurgical emergencies, and, 
like some other such emergencies, the result, 
in spite of prompt and effective treatment, 
may be unsatisfactory. 

The symptom complex was of variable de- 
gree of intensity from slight weakness of the 
legs below the knee, with saddle hypesthesia 
and severe sphincter disturbances. In all, 9 
patients were seen, of whom 8 were operated 
on and 1 died before anything could be done. 
They represent the serious complication seen 
in perhaps 300 consecutive cases of typical 
herniated nucleus pulposus with sciatica and 
without bladder symptoms or incapacitating 
weakness. In most cases there was a “‘cog- 
wheel” history, in that the picture developed 
in successive acute short episodes. Four of the 
verified cases were in men and 4 were in 
women. 


From the Departments of Surgery, Presbyterian, Cook County, 


and Michael Reese Hospitals and University of Illinois, (Rush). 


It is, of course, quite impossible to general- 
ize from such a small group of cases, but there 
are one or two points which may be of interest 
and which may be significant. The age group 
of the patients seems to be between 35 and 45 
years. All but 1 had a history of backache for 
years, and all but 2 had a history of both back- 
ache and sciatica for years. A history of trauma 
was obtained in 3 patients; no history of trauma 
was obtained in 3 patients; and in the other 3, 
there was an incident which might be de- 
scribed as trauma, for instance, a severe sneeze 
or cough. As in the case in other types of root 
involvement, most of the patients had pain on 
coughing and sneezing. The bladder mecha- 
nism was not seriously involved in only 1 case. 
Intermittent symptoms were characteristic as 
was the “‘cog-wheel”’ history of gradually pro- 
gressive spurts of trouble. 

With regard to the signs presented, it may 
be said that they are those to be expected 
from pressure on the cauda equina. Weakness 
and hypesthesia were observed in varying de- 
grees though rarely bilaterally symmetrical. 
The Laségue sign’ was positive in all the cases 
in which it was tested, 8 cases. The deep re- 
flexes in the ankle were affected in all the 
cases, and the knee jerks were involved in 
some or spared in others depending on the 
level of the compression of the nerve roots. 
Six of 8 of the patients had a tender spine? on 
deep pressure. Five of 9 of the patients showed 
a narrowed intervertebral space at the site of 
the herniation of the involved disc. Spinal 
fluid examination was not significant, except 
for block or partial block, when below the 
lesion, and for the reverse Queckenstedt test. 
In 1 case (Case 2) the total protein was high 


1Laségue’s sign is here used to mean passive, straight leg rais- 
ing with the patient in the horizontal position. This is not the 
sign described by Lastgue which consisted in flexing the thigh 
on the abdomen and extending the leg on the thigh. The abbre- 
viation is necessary, and except in disease of the hip the conclu- 
sions are similar. 


Tender spine means that on deep, heavy pressure on a spin- 
ous process, it is tender. One or two spinous processes may be 
tender. 


269 


or 

id 

to 

a- 

ne 
ry 

25, 

44, 


270 


SURGERY, GYNECOLOGY AND OBSTETRICS 


Extensive extrusion of nucleus pulposus 
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Fig. 1. Schematic drawing to illustrate compression of the cauda equina by the 
massive extrusion of a herniated lumbar intervertebral disc. 


although the fluid was removed from above the 
lesion, but the test was done under circum- 
stances in which there was the possibility of 
error. 

The location of the extrusion was at the 
lumbosacral joint in 3 cases, between the 4th 
and 5th lumbar vertebrae in 3 cases, and be- 
tween the 3d and 4th lumbar vertebrae in 2 
cases (Figs. 1,2, and 3). 


DIAGNOSIS 


The diagnosis of a condition such as this 
may be rather difficult, but, as usual, a careful 


consideration of the history and of the phys- 
ical and laboratory findings leads to a correct 
conclusion. The first case in this group was 
not properly diagnosed, and neither was it 
very well worked up from the point of view of 
a ruptured disc. Appropriate tests were made 
for a spinal cord tumor, which in a sense it 
was. There was so little sensory change, as 
compared to the extensive and marked motor 
weakness, that a variety of notions were en- 
tertained. However, the other cases all re- 
ceived a correct preoperative diagnosis, in- 
cluding that in which no confirmatory opera- 
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Fig. 2. Schematic drawing to illustrate 
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a partial cauda equina lesion caused by 


massive extrusion of an intervertebral lumbar disc. 


tion was performed. Prior to consultation, 
various diagnoses were considered, ranging 
from multiple sclerosis through syphilis to 
Pott’s disease of the spine and metastases to 
the spine. Although these erroneous diag- 
noses constitute the main reason for drawing 
the attention of the profession to this condi- 
tion, little difficulty need arise with regard to 
multiple sclerosis or syphilis. However, the 
possibility of metastases to the spine must be 
carefully distinguished from the condition un- 
der discussion. In both there may be a short 
history of pain in the back with pain down the 
legs followed closely by weakness and sphinc- 
ter disturbance. The histories are dissimilar, 
if carefully taken, in that the ruptured disc 
comes on in one or two, or a series of incidents 
(cog-wheels), whereas the metastatic lesion as 
a rule presents a steadily progressive history. 
In attempting to judge between the two, a 
search should be made for a primary focus or 
a history of an operation in which a malignant 
tumor may have been present; this considera- 
tion combined with a careful study of the x- 
ray pictures of the spine will usually bring 
about the correct decision. I have seen and 
operated on 2 patients with metastatic lesions 
of the cauda equina in whom nothing signifi- 
cant was seen in the roentgen pictures before 


operation. One of the patients had had a 
breast removed 3 years before, but the tumor 
contained in it was not thought to be malig- 
nant. In this case, a neurological colleague ad- 
vised operation on the basis of the probability, 
and certainly, possibility, of a ruptured disc. 
In both cases the chest and spine films were 
considered to be negative. Pott’s disease only 
occasionally causes cauda equina signs and 
symptoms, but the history is short, a few days 
to 2 or 3 weeks, as in metastases to the spine. 
Here, again, the x-ray films of the spine may 
not help, for tuberculous granulation tissue 
may form and compress the spinal cord with- 
out producing significant changes in the x-ray 
film. Spinal cord tumor must receive consid- 
eration, but the shortness and jerkiness of the 
history compared to the extent of the disabil- 
ity make this diagnosis very doubtful. Cer- 
tainly, in this series, except in the first case, 
this diagnosis was not seriously entertained. 
Several other points help in establishing the 
likelihood of finding a ruptured disc. The 
spine is often tender in the region of the dis- 
turbed disc. Tenderness of the spine is not 
conspicuous in cases of innocent tumor of the 
cauda equina; but in the case of malignant 
disease the spine is tender. The positive La- 
ségue sign is quite helpful for it is uncommon 


LA 
= 
Extrudi | = 
L.4 / 
: = = = 
ct 
as 
it 
of 
de 
it 
as 
or 
n- 
re- 
in- 
ra- 


hypesthesia -~ 


272 SURGERY, GYNECOLOGY AND OBSTETRICS 


Compression of cauda equina by 
extensive extrusion of 4th lumbar nucleus 
pulposus 


Fig. 3. Schematic representation of a massive extrusion 
of the 4th lumbar intervertebral disc and the hypesthesia 
produced by it. 


in cord tumors. The x-ray pictures, when 
positive, in that they show a definitely nar- 
rowed intervertebral space, are quite sugges- 
tive. In most of the cases, some sort of ar- 
thritis was mentioned in the report of the 
radiologist, but this is so common that the 
clinician should attach the proper significance 
to it, which, in cases of this type, is almost nil. 
Spinal puncture does little to decide between 
types of space occupying lesions. The inter- 
mittent symptoms are extremely suggestive 


and are rare in spinal cord tumors, except in 
cases in which there is ball valve action of the 
tumor, and even this ball valve action is not 
often repeated, and certainly not over a period 
of months or years. 

A laminectomy was performed for the re- 
moval of the compressing herniation in 6 
cases; in 2 cases it was removed ‘through an 
interlaminar approach with the removal of a 
little bone from the arch above and the arch 
below the site of the lesion. In 3 of the 6 cases 
in which laminectomy was used to remove the 
disc tissue, an unsuccessful attempt was first 
made to remove the mass by a unilateral or a 
bilateral interlaminar approach. 

The results were unsatisfactory; there was 1 
excellent result, 1 good result, 6 fair results, 
and 1 death in an unverified case. An excel- 
lent result was one in which the patient re- 
turned to his usual occupation involving oc- 
casional walking and occasional heavy lifting; 
a good result was one in which there were no 
pain and no weakness, and the patient re- 
turned to her usual occupation of a housewife. 
The 6 fair results were characterized by im- 
provement in bladder function and in in- 
creased strength in the legs with diminishing 
anesthesia and absence of pain. Only 1 pa- 
tient, Case 4, continues incontinent after 31% 
years. One patient, Case 5, still has a para- 
plegia and is confined to a wheelchair 214 
years after operation; he has control of his 
bladder. The other patients are slowly im- 
proving in that they have increasing strength 
and that the depth of the hypesthesia is de- 
creasing. None of the patients has pain of 
any severity, and they are all able to walk 
without artificial aid, in fact they appear to 
be leading a fairly normal existence. 


COMMENT 


It may be repeated that definite conclusions 
cannot be drawn from such a small number of 
cases. There are, however, two important ob- 
servations: first, a patient with a history of a 
herniated disc may occasionally develop seri- 
ous complications from it; and, second, recov- 
ery from these complications may be slow and 
incomplete. On looking over the table of 
symptoms, it is noticeable that 7 of the 9 pa- 
tients gave a history of low back pain in acute 
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attacks for years before the extrusion and com- 
pression of the cauda equina. Others gave a 
history of sciatica associated with low back 
pain which, in itself, should have at least sug- 
gested the possibility of a herniated disc; the 
patient, however, was allowed to go on to a 
much more serious condition in which there 
was grave economic loss, and even danger to 
life. The point is that it is not always safe to 
allow the usual type of herniated disc to re- 
main untreated for fear of a serious extrusion, 
such as that described here. 

Recovery, after the relief of compression, is 
by no means satisfactory, and the usual rule 
of compression of the spinal cord seems to ap- 
ply; namely, the more rapid and complete the 
compression of the cord, the more slow and 
incomplete the recovery. The rate and degree 
of recovery are inversely proportional to the 
rate and degree of the damage. This is only a 
gross approximation as no attempt at a math- 
ematical formula could be made without com- 
plete knowledge of all the factors. The reason 
for this slow recovery is not apparent, apart 
from the inference stated. The possibility of 
adhesive processes was taken into considera- 
tion, and in 2 cases attempts were made to 
visualize such adhesions. Lipiodol was used 
in Case 3 and Case 4, and in both cases, the 
fluoroscopic examination was considered to be 
within normal limits. It seems more likely, 
therefore, that the slowness of recovery is due 
to direct injury of the cauda equina. Further 
study may be done in these cases. Lastly, the 
serious implications of a case, such as Case 8, 
would suggest that early recognition and early 
treatment of the condition are essential. In 
Case 6, for instance, the patient was observed 
for 3 days before he was transferred, but after 
the diagnosis was made operation was under- 
taken in a few hours. This was the case in 
which operation was performed soonest after 
the symptoms of compression developed. Al- 
though the signs of compression were also the 
most complete, unfortunately, the recovery 
has been the most incomplete. 


SUMMARY 


Attention is drawn to acute compression of 
the cauda equina by large extrusions of the 
nucleus pulposus of the intervertebral disc. In 


all of the 9 cases reported the lesion was at the 
lower lumbar vertebrae. The history is char- 
acteristically cog-wheel in type and the signs 
are those of acute compression of the cauda 
equina of varying degrees. Early diagnosis 
and early operation are essential, but, even 
when made and carried out early, recovery 
may be slow and incomplete. 


CASE REPORTS 


CasE 1. J. C., a 46 year old white man, was ad- 
mitted to Cook County Hospital on January 11, 
1938, complaining of inability to walk or void for 6 
weeks. He was well until 14 years ago when he hurt 
his back while lifting, and, on this occasion, he had 
to stay in bed for 2 days. Six weeks ago he stooped 
over and felt something snap in his back. He went 
home to bed and on awaking the next morning he 
noticed his right leg was weak. He got up to go to 
the bathroom and found himself unable to void or 
to defecate. His disability in the legs became worse 
and he came to the hospital. 

The patient did not appear to be in particular dis- 
comfort. He could flex the thighs on the abdomen, 
and he could adduct the thighs. Flexion and exten- 
sion of the knees were impossible, as were movements 
in the toes and ankles. The knee jerks and the ankle 
jerks were absent. Sensory changes were bizarre and 
by no means conspicuous; in fact, they were so triv- 
ial that the diagnosis was held up for several days 
on this account. The spine was not tender. The 
Laségue test was not done. An indwelling catheter 
was in the bladder. Spinal puncture revealed a block 
and 4 plus Pandy. The x-ray film of the spine was 
considered negative. A diagnosis was made of spinal 
cord tumor of the cauda equina about the 3rd lumbar 
vertebra. 

Operation consisted of a formal laminectomy from 
the 1st lumbar to the 5th lumbar spines with re- 
moval of the laminae of the 5 lumbar vertebrae. Be- 
tween the 3rd and 4th laminae a firm elastic mass was 
felt extending posteriorly from the intervertebral 
space; this was removed transdurally. The histo- 
logical studies confirmed the operative diagnosis of 
an extruded intervertebral disc. The patient made 
an uneventful recovery and now is completely free 
from any symptoms of his complaint. It took him 
several weeks to obtain control over his bladder and 
several months to regain the strength in his legs. 

CasE 2. L. L., a white female, 40 years of age, was 
admitted to St. Francis Hospital, Evanston, in 
March, 1940, complaining of pain in the right sciatic 
nerve for 12 years and of low back pain for 12 years. 
The patient had been able to walk only with the aid 
of crutches, and in the last 3 months had been con- 
fined to bed. There had been some frequency of uri- 
nation but no real inability to void. A history of 
trauma was not obtained. The legs were weak, and 
there was a sensation of numbness in the right but- 
tock, in the back of the right leg, and in the right 
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foot. In addition, there was some numbness in both 
groins and on the lateral aspect of both thighs, 
though more marked on the right than on the left. 
There was severe pain in the back and in the right 
leg on coughing and sneezing. A considerable num- 
ber and variety of drugs had been used to relieve the 
pain, without much success. 

When examined the weakness in the legs was not 
as marked as expected and was confined to these 
extremities below the knees; movements were re- 
luctantly executed on account of pain. The weak- 
ness was more marked on the right. The right ankle 
jerk was not obtained and the left was only faintly 
perceptible. The knee jerks were equal and active, 
and atrophy was not apparent. There was definite 
hypesthesia to pin prick in the saddle area on the 
right and down the back of the right leg and on the 
outer border of the right foot. The lowest intact 
segment was the 5th lumbar. The sensation in the 
left leg appeared to be normal. The Laségue sign 
was markedly positive on both sides. The lower 
lumbar spine was very tender. 

X-ray examination revealed a narrowing of the in- 
terspace between the 4th and 5th lumbar vertebrae. 
Spinal puncture between the 4th and sth lumbar ver- 
tebrae showed no spinal block. The spinal fluid pro- 
tein was 166 milligrams per 100 cubic centimeters. 
Contrast media were not employed. Other routine 
examinations,of the urine, blood, and heart were not 
significant. A diagnosis was made of a herniated nu- 
cleus pulposus at the lumbosacral joint. 

Operation, on March 25, 1940, consisted of a 
laminectomy of the 5th lumbar vertebra. The dura 
was pushed posteriorly by a wide projection more 
on the right than on the left between the 4th and 
5th lumbar vertebrae. It was estimated that the 
projection extended about 1 centimeter from the 
anterior wall of the spinal canal. It proved to be an 
extruded disc which was removed extradurally in 
three pieces. 

The patient made a slow but complete recovery. 
In 4 months she was doing her housework and walk- 
ing in a normal manner. One year later she ap- 
peared to have a recurrence, but this passed off. 
There are discrepencies in this history with regard 
to the spinal puncture, the narrowed intervertebral 
space, the lowest intact segment, and the site of the 
disc at operation. 

Case 3. B. M., a white male 38 years old, was ad- 
mitted to Michael Reese Hospital on March 22, 
1941, complaining of weakness of the legs and in- 
ability to urinate and to defecate. For the last 2 or 
3 years he had had pain in the small of the back oc- 
curring periodically. Two weeks previously he was 
having an attack of back pain and was taking a 
steam bath in an effort to relieve it. As he changed 
his position in the bath, he felt something “give”’ in 
his back, which was followed in a few seconds by 
pain down the back of both legs associated with 
numbness in the buttocks and the left foot. On 
moving his toes and ankles, he discovered that they 
were very weak. He got home with difficulty to find 


after a few hours that he was unable to void. There 
was pain on coughing and sneezing. 

He attempted to walk with a peculiar ‘‘stamping”’ 
gait, but could go no more than a step or two on ac- 
count of pain and weakness. The gluteal muscles 
appeared to be atrophied. There was marked weak- 
ness of both legs, the left more than the right, below 
the knees; adduction of the thighs was weak; flexion 
of the leg on the thigh was weak; extension of the 
leg on the thigh was only slightly weak; adduc- 
tion of the thighs was well executed. There was 
hypesthesia in the saddle area in the legs and feet 
of all the sacral segments; the hypesthesia in the 
legs was most marked on the outer border of the 
left foot. The vibration sense and position sense of 
the big toes were good. The 4th lumbar spine was 
tender to deep pressure. The Laségue sign was posi- 
tive bilaterally. The deep and superficial reflexes 
were within normal limits except the ankle jerks 
which were both absent. The x-ray pictures revealed 
no abnormalities. A spinal puncture was done at the 
4th interspace with normal spinal fluid dynamics, 
but a reverse Queckenstedt was positive for block. 
The spinal fluid protein was 50 milligrams per 100 
cubic centimeters. A diagnosis was made of a her- 
niated nucleus pulposus at left lumbosacral joint. 

The operation consisted of taking down the sacro- 
spinalis group of muscles on the left to expose the 
lumbosacral joint. The ligamentum flavum was re- 
moved and part of the 5th lumbar lamina was re- 
moved, thus exposing a large herniation or extrusion. 
This was removed extradurally in one large piece. 

Following operation there were various ordinary 
complications from the indwelling catheter, includ- 
ing cystitis and epididymitis. The patient did not 
recover the use of his legs properly during his 2 
months’ stay in the hospital, but he did make some 
improvement. Lipiodol was injected after operation 
to study the lower part of the spinal canal and 
showed some limitation of downward movement of 
the column at the 5th lumbar interspace. Further 
study may be indicated, but the patient has not been 
seen since he left the hospital. Indirect information 
which we have had indicates that he has made a 
partial recovery. 

Case 4. E. L., a 40 year old white male, was ad- 
mitted to the Presbyterian Hospital on May 4, 1941. 
He had had attacks of “lumbago”’ in the last 10 
years, the last attack having occurred 4 years pre- 
viously. His present symptoms dated from 6 weeks 
before when he had had another attack of lumbago 
and aching pain in the sacral region. Pain radiated 
down the back of both legs, and was made worse by 
coughing and sneezing. On the 4th day of this pain 
he noticed an incontinence of the bladder and rec- 
tum. Considerable weakness in the lower part of 
both legs also came on at this time. For the past 
4 weeks he had been in bed or in other hospitals 
being examined. He had difficulty in walking and, 
therefore, could not work. 

He walked with difficulty and with a “stamping” 
gait; there was weakness, plus 2, on the left and plus 
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1 on the right in the musculature below the knee 
with some atrophy. The knee jerks were normal 
and the ankle jerks were not obtained. The Laségue 
sign was positive on the left, and negative on the 
right. The sth lumbar spine was tender. There was 
a saddle hypesthesia (minus 2) to pinprick on both 
sides and fairly symmetrical with the 5th lumbar as 
the lowest intact segment. The bladder was dis- 
tended and dribbled. X-ray pictures revealed no ab- 
normality. A spinal puncture was not done. A diag- 
nosis was made of an extruded intervertebral disc 
at the lumbosacral joint. 

The operation consisted of the removal of the 
laminae of the 4th and 5th lumbar vertebrae. Disc 
tissue was encountered on the lateral and posterior 
aspects of the dura under the 5th lumbar lamina. 
When the 4th lamina was removed a projection from 
the anterior aspect of the cord could be felt arising 
from between the 4th and 5th lumbar vertebrae, 
and then extended spirally downward and posterior- 
ly. The large pieces of disc tissue were easily re- 
moved. 

The patient made an uneventful postoperative 
recovery and has been free from pain ever since the 
operation. The legs have gradually become stronger, 
but are as yet by no means normal (2% years after 
operation). The patient wears a rubber urinal 
strapped to his leg because of occasional and unex- 
pected dribbling of urine. The area of hypesthesia is 
substantially the same. Air studies of the canal 
show some posterior bulging of the dura opposite the 
space between the 4th and 5th lumbar vertebrae. 
It was not considered wise to re-explore the site of 
of the old disc lesion. 

CASE 5. A. K., a 46 year old white male, was ad- 
mitted to the Presbyterian Hospital on June 1o, 
1942. He had had frequent attacks of backache in 
the last 5 years, but his present trouble had started 
5 days before. On a Saturday morning he had twist- 
ed his back while lifting, and had to sit about for an 
hour or so until the pain wore off. He continued to 
work until noon. The afternoon of the next day he 
spent in bed with a sore back. On Monday morning 
he set out for work, and as he stepped down off the 
curb to board a street car, he felt a sudden pain in 
the back of both legs, and his legs became too weak 
to hold him. He sat down on the curb and finally 
was taken home and then to the hospital. He re- 
mained in this hospital 3 days before he was trans- 
ferred to the Presbyterian Hospital. During his 
stay in the other hospital he had weakness in both 
legs, as far as the thigh, and incontinence of urine 
and feces. He was seen there by my assistant, Cap- 
tain C. S. Textor, II, who transferred him for imme- 
diate operation. 

Both lower extremities were weak to about an 
equal extent, and all the muscles supplied by seg- 
ments below the 3d lumbar were completely para- 
lyzed. There was some movement in the quadriceps, 
the psoas muscles, and the adductors. There was 
anesthesia corresponding to a lowest intact segment 
of the 3d lumbar on the right and 2nd lumbar on the 


left. The knee jerk, ankle jerk, and hamstring jerks 
were absent. The Laségue sign was bilaterally posi- 
tive. The 3d lumbar spine was tender. There was 
incontinence of urine. There was severe pain on 
coughing. 

Serial spinal punctures were done and normal ap- 
pearing spinal fluid was obtained between the ist 
and 2d lumbar spines, but fluid was not obtained be- 
tween the 3d and 4th lumbar spines. The total pro- 
tein of the fluid was 53 milligrams per 100 cubic cen- 
timeters. The x-ray pictures showed a narrow inter- 
space between the 3d and 4th lumbar vertebrae. A 
diagnosis was made of an extruded disc between the 
2d and 3d lumbar vertebrae. 

Immediate operation was undertaken and consist- 
ed of removal of the laminae of the 2d, 3d, and 4th 
lumbar vertebrae. A mass was felt projecting from 
the anterior aspect of the spinal canal between the 
3d and 4th lumbar vertebrae, This was removed ex- 
tradurally in one large piece and seemed to consti- 
tute the entire nucleus pulposus in this region. The 
posterior longitudinal was torn in a longitudinal di- 
rection and only a small part had protruded through 
it, but the rest was lying in the spinal canal under the 
ligament. The ligament had been lifted off the pos- 
terior aspect of the vertebrae. 

The patient made a good recovery from the oper- 
ation. He has no pain and he can use his bladder, 
but he cannot walk, and he still has the anesthesia. 

CasE 6. R. T., a 35 year old white female, was 
admitted to the Presoyterian Hospital on July 31, 
1942. For the past 3 weeks she had been confined 
to bed at home and in another hospital. About 8 
years ago, she had a fall on the buttocks. Since that 
time she has had periodic bouts of left sciatica last- 
ing for 3 or 4 weeks. Three weeks previously, dur- 
ing a severe coughing spell, she suddenly felt the on- 
set of the left sciatica which was accompanied by 
numbness in the left leg. By the next afternoon she 
had developed severe sciatica in the right leg also 
associated with numbness and, in addition, there 
was incontinence of urine and feces. 

It was difficult to estimate the amount of weak- 
ness in the legs because of pain. There appeared to 
be weakness, plus 2, in the musculature below the 
knees and some slight weakness above. The patient 
could not walk. There was incontinence of urine 
and feces. There was anesthesia in the saddle area 
and in the legs corresponding to a lowest intact seg- 
ment of the 5th lumbar. The Laségue sign was posi- 
tive on both sides. The 3d lumbar spine was tender. 
The knee jerks were normal, but both ankle jerks 
were absent. X-ray films of the spine showed some 
narrowing of the intervertebral space at the lumbo- 
sacral joint. Spinal puncture was not done. A diag- 
nosis was made of an extruded intervertebral disc 
at the lumbosacral joint on the left. 

The operation, on August 31, 1942, consisted of a 
unilateral approach to the lumbosacral joint. Noth- 
ing was found at this point, but on removing the 
ligamentum flavum between the 4th and 5th lumbar 
vertebrae a mass was felt. After a great deal of 
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manipulation, during which the dura was torn, the 
cartilaginous mass was removed in two large pieces 
leaving a nicely pulsating dura. 

The convalescence was uneventful, and there was 
no change in her neurological picture upon discharge 
14 days later. When last heard from 15 months after 
operation, the patient was able to walk and to con- 
trol her bladder. There was still considerable weak- 
ness in the legs, especially the left, and the hypes- 
thesia was of the same pattern as before operation. 
The patient was improving steadily and was free 
from pain. 

Case 7. L. R., a white female, 44 years of age, 
was admitted to St. Francis Hospital, Evanston, on 
October 30, 1942, complaining of inability to walk 
and to void associated with numbness of the buttocks 
and genitalia. She had been well until 4 weeks pre- 
viously when she developed severe, intermittent 
cramping. pains in the lower abdomen and thighs. 
She was confined to bed by this. Two weeks ago she 
noticed that her buttocks, genitalia, and ankles were 
numb. She discounted the low back pain and pain 
down the back of the left leg which she had had in 
short attacks for 6 months. There was no pain on 
coughing and sneezing and no history of trauma. 

There was some weakness of the muscles in the 
legs, more on the left than on the right; this cor- 
responded to the musculature of the toes and ankles, 
the hamstrings and abductors of the thighs. The 
weakness was considered to be plus 1 on the right 
and plus 2 on the left. The hypesthesia to pin prick 
was also more extensive on the left than on the right. 
It was present over both saddle areas, but on the left 
the lowest intact segment was the 4th lumbar where- 
as on the right it was the 2d sacral. 

The Laségue sign was positive on both sides and 
the 4th and 5th lumbar spines were tender to deep 
pressure. The knee jerks were brisk, but the ankle 
jerks were absent. The bladder was distended and 
required an indwelling catheter. Spinal puncture 
showed no block between the 3d and 4th lumbar 
vertebrae, but the canal could not be entered at the 
lumbosacral space. The spinal fluid protein was 37 
milligrams per 100 cubic centimeters. X-ray pic- 
tures were believed to show mild lipping of the verte- 
brae. A diagnosis was made of an extruded nucleus 
pulposus at the lumbosacral joint. 

The operation consisted of a formal laminectomy 
with the extra dural removal of a very large extruded 
disc between the 4th and sth lumbar vertebrae. An 
attempt was made to remove the disc from the left 
side, only, but the exposure was inadequate. A small 
tear was made in the dura which was later repaired. 

The patient has made a slow but steady improve- 
ment since the operation and, at this time, 1 year 
after operation, is able to walk and can control her 
bladder. The weakness and hypesthesia are of the 
same pattern though not so marked. 

Case 8. J. M., a white male of 40 years of age, 
was admitted to the Cook County Hospital Novem- 
ber 16, 1942, complaining of inability to walk and 
inability to use his bladder and rectum. In the lat- 
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ter part of August he hurt his back while lifting and 
ever since had had low back pain. He continued to 
work until September 22, and then he had to stop. 
He was under the care of the insurance company. 
On October 12, he developed a sudden left sciatic 
pain which worked its way down to his left heel. 
This hurt him to cough and sneeze. Early in No- 
vember he fell on his buttocks, and suddenly his 
penis and buttocks felt numb. He had difficulty in 
walking since then and has had to be catheterized. 

When seen by me, he was somewhat emaciated 
and had had a low-grade fever for some weeks. He 
had a catheter in his bladder and there was pus in 
his urine which I took to indicate a cystitis, and, 
probably, pyelonephritis. There was no movement 
in the toes of either foot; on the left the ankle could 
not be moved; there were feeble movements at the 
right ankle; there was weakness of the hamstrings 
of both sides (plus 3) and the adductors of the thigh; 
and there was quadriceps weakness of slight degree 
on both sides. The knee jerks were present and the 
ankle jerks were not obtained. There was a saddle 
anesthesia and an anesthesia corresponding to all 
dermatomes below the 4th lumbar. The Laségue 
sign was positive on both sides, and the lower lumbar 
spine was tender. There was a narrowed interver- 
tebral space between the 4th and sth lumbar verte- 
brae. A spinal puncture revealed a block and total 
protein 150 milligrams per too cubic centimeters. 
The Wassermann was negative. A diagnosis was 
made of extruded intervertebral disc. between the 
4th and sth lumbar vertebrae. His pyelonephritis 
did not improve and he developed pneumonia which 
resulted in his death on December 3, 1943. 

CasE g. F. D., a white female, 45 years of age, 
was admitted to the West Suburban Hospital on 
October 12, 1943, complaining of numbness and in- 
voluntary urination and defecation. There had been 
periodic attacks of backache and right sciatica in the 
last 3 years, but not requiring rest in bed. On August 
20, the patient lifed a child and felt something snap 
in her back, and since then it had been difficult to 
move the back in doing housework. On October 2, 
patient sneezed violently, and she felt something 
“let go” in her back; she was immediately aware of 
pain in the lower part of the back and some pain 
down the back of the right leg. In the next 24 hours 
a pain developed down the back of the left leg. 
Three days later the patient work up in the morning 
to find that her buttocks were numb. She was given 
an enema, for lack of a bowel movement in the pre- 
vious 3 days. On her way to the bathroom to expel 
the enema she was unable to control the rectal 
sphincter, but was only made aware of this by the 
contact of fecal material with the insides of the 
thighs. Three days later she was admitted to the 
hospital with additional bladder incontinence and 
without any sensation of bladder distention. She 
did not cough or sneeze after this. 

There was very little weakness in the toes and 
ankle musculature, and what there was, was on the 
left side. There was a saddle hypesthesia to pin 
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prick more on the left than on the right, extending 
down the legs to the outer border of the feet, and it 
corresponded to all the sacral dermatomes with the 
5th lumbar the lowest intact segment. The knee 
jerks were brisk; the right ankle jerk was much 
diminished and the left was absent. The Laségue 
sign was positive on both sides, left more than right. 
The 5th lumbar spine was tender to deep pressure. 
The bladder was distended. The spinal fluid Was- 
sermann reaction was negative and a protein exam- 
ination was not done. X-ray pictures showed a nar- 
rowing of the lumbosacral intervertebral space. The 
diagnosis was extruded disc at lumbosacral joint. 


The operation consisted of formal laminectomy 
of the 5th lumbar lamina with extradural removal 
of a large extrusion which was removed in two 
pieces, partly from the left side and partly from 
the right. The exploration was begun on the left 
side, only, but had to be extended to the right side 
in order to obtain adequate exposure for removal of 
the extruded disc tissue. 

The patient has made an almost complete recov- 
ery in the last 1% years. 
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LUNG ABSCESS 


An Analysis of 244 Cases 


ANIBAL ROBERTO VALLE, M.D., Charlottesville, Virginia 


N this paper we attempt to analyze the 
more important features of 244 cases of 
lung abscess from the records of chest 
service, Barnes Hospital and St. Louis 
- Children’s Hospital, St. Louis, Missouri, dur- 
ing a period of 12 years from 1932 to 1943, 
inclusive. In spite of the advances made in 
the treatment of other diseases of the chest, 
the methods so far devised for the treatment 
of lung abscess are not wholly satisfactory. 


CLINICAL FEATURES 


Differential diagnosis. The differential diag- 
nosis between lung abscess, bronchiogenic car- 
cinoma, tuberculosis, bronchiectasis, inter- 
lobar empyema, and secondarily infected 
cyst of the lung is important. Tuberculosis 
can be ruled out by repeated sputum examina- 
tions for tubercle bacilli in direct smears, con- 
centrations, culture, and guinea pig inocula- 
tions. In this distinction the onset of the 
disease is of consideration because tuberculo- 
sis seldom starts as an acute ailment. The 
secretion from lung abscess is foamy, watery, 
brownish, and foul smelling as a rule and that 
from tuberculosis is very thick, usually green, 
and odorless. 

To differentiate between simple lung abs- 
cess and carcinoma is more difficult because 
often there is a combination of the two result- 
ing from an infection of the carcinoma. The 
x-ray picture in bronchiogenic carcinoma often 
shows atelectasis of one lobe and a not well 
outlined shadow. Some cases of carcinoma 
develop pleural fluid in which carcinoma cells 
can be detected. We believe that the best 
means of differentiating between the two is 
bronchoscopy, which in the case of bronchio- 
genic carcinoma will generally reveal the 
growth blocking the bronchus from which a 
biopsy can be taken. Sometimes the bronchus 
can be seen to be compressed from without. 


From Chest Service, Washington University Medical School, 
Barnes Hospital, St. Louis, Missouri. 


In a few cases the tumor may be out of reach 
of the bronchoscope and an accurate diagnosis 
cannot be made until an exploratory thora- 
cotomy is performed. 

In cases of bronchiectasis complicated by 
lung abscess, the long history and lipiodol 
bronchograms are valuable in differential 
diagnosis. 

The distinction between interlobar empy- 
ema and lung abscess can be made by the fact 
that in the early stages of the empyema the 
patient does not cough or bring up any spu- 
tum. If the empyema opens into the bron- 
chial tree and drains through the bronchus, 
the patient has a cough productive of puru- 
lent and usually odorless sputum. The x-ray 
picture of empyema shows a well demarcated 
shadow located in a fissure area. 

Diagnosis often can be made between in- 
fected cysts of the lung and lung abscess. 
Usually there is more than one cyst in the 
lung, and all of them are not infected. The 
infected cyst generally reveals on the x-ray 
film a fairly sharp outline with thin wall as 
contrasted with the poorly defined outline of 
the ordinary abscess. 

Location. It is generally believed that the 
majority of lung abscesses are located in the 
lower lobes, a belief borne out by the findings 
in our cases. This opinion favors the aspira- 
tion theory of the etiology of lung abscess. 
From a review of the literature on lung ab- 
scess this belief seems justified even though, 
in some series of cases, it has been reported 
that the upper lobes were more often involved 
than the lower. Cutler and Gross found the 
largest number of abscesses in the upper lobes 
and Flick and associates reported the same 
findings. On the other hand, Freedlander 
states that the predominant sites are the apex 
of the lower lobe posteriorly and the lingula. 
Lueth and Sutton point out that they found 
the greatest number of abscesses in the right 
middle and lower lobes. In our patients the 
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right lower lobe was found the more common 
site of the abscess, the next most common site 
being the left lower lobe, followed in order by 
the right upper, left upper, and right middle 
lobes. Also included in this report are 6 cases 
of bilateral lung abscess. 


TABLE I.—DISTRIBUTION OF ABSCESS IN OUR 
SERIES OF CASES 

Location 

Left upper lobe 

Left lower lobe 

Left upper and lower 

Right upper lobe 

Right lower lobe 

Right middle 

Right upper and middle 

Right lower and middle 

Right middle and left lower... .......... 

Right lower and left lower 


Etiology and pathogenesis. For many years 
there has been a great deal of discussion about 
the etiology of lung abscess. The opinion is 
divided as to whether it is produced by aspi- 
ration or by embolism. Cutler and Gross 
and Schleuter and Weidlein, in support of the 
embolic theory, cite the difficulty in producing 
abscess experimentally through the bronchi. 
They state that abscess occurs following local 
as well as general anesthesia and that, in the 
majority of cases, considerable time elapses 
between the operation and the development of 
the abscess. In their experiments with dogs 
they were able to produce abscesses consis- 
tently by using infected emboli. It is of inter- 
est that these abscesses healed quickly except 
when the emboli used were infected with 
pyorrhea scrapings in which cases chronic 
abscesses were formed, containing anaerobic 
and aerobic organisms. Dogs, however, are 
not good animals in which to produce abscess 
through the bronchi because of the horizontal 
position of the bronchial tree and the great 
resistance of the lung tissue to infection. 
Nevertheless, more or less constant results 
have been obtained by introducing pus from 
lung abscesses containing various organisms, 
such as spirochetes, fusiform bacilli, aerobic 
and anaerobic cocci when such material blocks 
the bronchus mechanically causing an area of 
atelectatic tissue with low resistance to infec- 
tion. Occasionally in this manner chronic 


abscess can be produced in the atelectatic 
area. Dr. Duff Allen made the important ex- 
perimental observation that it is not necessary 
to block the bronchus if the pus from a human 
lung abscess is immediately introduced into 
the bronchial tree of the dog while it is still 
warm. The organisms responsible for the pro- 
duction of pulmonary abscess are apparently 
very susceptible to cooling. Even if they are 
allowed to cool to room temperature, they 
lose their ability to cause lung abscess in the 
dog unless the bronchus is simultaneously ob- 
structed. This important observation of 
Allen’s oncé and for all clearly showed that 
aspiration of suitably infected material can 
produce a lung abscess even in the absence of 
an obstruction. 

It is the consensus that the difficulty in pro- 
ducing abscess via the tracheobronchial tree 
is due to the cough reflex and normal action of 
the cilia. This same is true in man and prob- 
ably accounts for the infrequent development 
of lung abscess despite the frequent aspiration 
of infected material into the lungs. 

Many authors support the aspiration theory 
by pointing out the increased frequency of 
occurrence of lung abscess following tonsillec- 
tomy and tooth extraction especially with 
highly infected gums and when ether anes- 
thesia is used, which increases the production 
of mucus and decreases the cough reflex. It is 
also emphasized that abscess occurs less fre- 
quently when the patient’s head is kept low- 
ered during the operation. 

In our series we found that 41 lung ab- 
scesses developed after tonsillectomy under 
ether anesthesia and 27 after abdominal oper- 
ation under general anesthesia. Myerson sub- 
jected to bronchoscopy a number of patients 
who had had tonsillectomies performed under 
general and local anesthesia and found blood 
and mucus.in the lower bronchi in go per cent 
of the cases with general anesthesia but found 
it in a much lower percentage among those 
having local anesthesia and cough reflex 
present. 

In 157, or 65 per cent, of the cases in this 
series, lung abscess was said to have followed 
pneumonia. Although during pneumonia the 
bronchus or bronchi probably become blocked 
by thick mucus, which causes atelectasis in 
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the plugged off area and thus initiates favor- 
able conditions for the development of an 
abscess, the statement of the patient or even 
of his physician that the condition had its ori- 
gin in an attack of pneumonia should be 
accepted with caution. Every lung abscess 
begins with a localized pneumonitis which 
often is considered to be a lobar pneumonia. 
As stated by Fisher and Finney, if virulent 
pneumococci are in the bronchial secretions, 
lobar pneumonia will result, but if anaerobic 
organisms of the mouth are present, a lung 
abscess or gangrene might result. As stated 
before, normal lung tissue is highly resistant 
to infection but atelectatic tissue is easily in- 
fected. This viewpoint is expressed by many 
writers in recent literature. 

Other causes of abscess in our series were: 
aspiration of foreign body, *subphrenic ab- 
scess, congenital cystic disease, encephalitis in 
1 case and in 7 cases the cause was unknown. 

In our 36 cases of lung abscess among chil- 
dren, 8 cases, or 23 per cent, were caused by 
aspiration of a foreign body. None of the 
abscesses in our adult patients was caused by 
aspiration of a foreign body. 


TABLE II.—CAUSES OF LUNG ABSCESS IN OUR 
SERIES OF CASES 


Causes No. Percent 
Pent ... 41 16.8 
Postoperative (general anesthesia)........ 25 10.2 
Congenital cystic disease................ I 

Bacteriology. In our cases cultures were 


taken preoperatively from the sputum, from 
material obtained by bronchoscopy, and post- 
operatively from material obtained directly 
from the abscess. It is difficult to determine 
the exact bacteria causing the abscess be- 
cause, in most cases, there is a combination 
of two or more types. Both aerobic and 


anaerobic bacteria are found in lung abscess 
cultures as are also facultative anaerobes. Ac- 
cording to Varney, aerobic organisms first 
invade the healthy tissue and prepare the way 
for further damage by the anaerobic organisms. 


The flora found in lung abscess is remarkably 
similar to that found in the mouth, especially 
in a mouth with infected gums. 

In our series pneumococci were found in 27 
per cent of the cases, Staphylococcus aureus in 
18 per cent, fusiform bacilli in 17 per cent, 
hemolytic streptococci in 14 per cent, Micro- 
coccus catarrhalis in 12 per cent and spiro- 
chetes in 5 per cent. 

D. T. Smith has found fusiform bacilli and 
spirochetes associated with anaerobic strepto- 
cocci and vibriones in the walls of the lung 
abscess and with that combination produced 
abscess experimentally in animals. Some 
writers consider that the spirochetes and fusi- 
form bacilli are secondary invaders, also that 
they are an important etiologic factor in the 
chronicity of the abscess, and that they prob- 
ably contribute to the foul odor of the sputum 
and bad breath. 

Philip Varney made a noteworthy study of 
the bacteriologic factors causing lung abscess. 
He emphasized the importance of searching 
for anaerobic as well as aerobic organisms. In 
his series of cases he found Bacillus melanino- 
genicus in 94 per cent of the cases. He also 
found that the cultures of this organism had 
the very foul characteristic odor of putrid lung 
abscess and that the strength of the odor in- 
creased with the number of these organisms 
present. His findings show that the chief 
organisms concerned with this process are 
Bacillus melaninogenicus, fusiform bacilli, 
spirochetes and streptococci, especially of the 
viridans type. In the present series, cultures 
for Bacillus melaninogenicus were not made. 


TABLE III.—ORGANISMS FOUND IN CULTURES 
MADE ON CASES IN OUR SERIES 


Organisms Per cent 
Staphylococcus aureus..............- 18 
Hemolytic streptococci............... 14 
Micrococcus catarrhalis.............. 12 
5 


Symptoms and signs. Almost without excep- 
tion cough is present in all cases of lung 
abscess and is the earliest symptom, usually 
being dry at first and becoming productive 
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later. At first the sputum is meager but in- 
creases and often becomes foul as the abscess 
progresses. Many types of sputum are found 
in abscess patients; odorless purulent sputum, 
mucoid sputum, blood-streaked and _ thin, 
foamy, brownish colored foul sputum. In our 
cases 88.6 per cent had foul sputum and 11.4 
per cent had odorless sputum. 

Hemoptysis occurred in 57.8 per cent of our 
patients with lung abscess and these results 
are consistent with results of other writers. 
Flick and associates reported hemoptysis in 
45 per cent of their patients, Warner in 54 per 
cent, and Fisher and Finney in 20 to 40 per 
cent of their patients. 

In about 90 per cent of our patients we 
found chills and fever present. Ninety-four 
per cent of the patients had chest pain of the 
pleuritic type as an early symptom. This 
symptom is an important consideration in 
patients who are to have surgical drainage be- 
cause this is sometimes an indication that the 
pleura is adherent in the abscess region, thus 
increasing the possibility of a one-stage oper- 
ation. 

On physical examination we found in many 
cases foul breath, pyorrhea and dental caries, 
dullness to percussion, suppressed breath 
sounds and rales over the abscess area. The 
breath sounds varied from bronchovesicular 
or tubular to amphoric when the cavity was 
large, superficial, and empty. It is worthy of 
note that some of our patients exhibited no 
pulmonary symptoms. Also it was observed 
that, in some cases, the symptoms varied from 
time to time; for instance, at one time there 
might be chest symptoms and on the next 
examination no symptoms at all. We found 
clubbing of the fingers and toes occurring more 
frequently in chronic cases than in acute cases. 
With reference to the laboratory examina- 
tions, in acute and subacute cases we found 
frequent leucocytosis and in the chronic cases 
frequent anemia. 

It goes without saying that x-ray examina- 
tion is important in the accurate localization 
of the abscess. If sufficient time has elapsed 
since the onset of the trouble one may see that 
the x-ray picture has changed from that of an 
ill defined area of pneumonitis to one of 
sharper demarcation, and then to that of a 


cavity with a visible fluid level. It is not 
advisable, however, in most cases to wait for 
this development to occur before treatment is 
instituted. Of course the localization of the 
abscess will be facilitated by the making of 
films in different positions. We find lipiodol 
of little use in localization of abscesses because 
it seldom enters the cavity itself. 

Age and sex. Of our 244 cases 208 were 
adults and 36 were children. The average age 
of the adult patients was 35.9 years, and the 
ages of the children varied from 1 month to 13 
years, the greatest number of patients being 
between the years of 5 and 10. Of our cases 
154 were male and go were female. 

Duration of disease. The duration of disease 
in our cases ranged from 3 weeks to 19 years. 
In this report we have considered as acute 
cases those of no more than 2 months’ dura- 
tion. All cases lasting more than 2 months, 
we have considered as chronic, the average 
duration being 1 year. We present 110 acute 
cases, of which 63 patients had surgery, and 47 
had no treatment other than bronchoscopy, 
and 134 chronic cases of which 101 patients 
had surgery and 33 had nothing except 
bronchoscopy. 


TREATMENT 


Prophylaxis. Prophylaxis is of great impor- 
tance in any discussion of lung abscess. Good 
care of the teeth, gums, and throat is impera- 
tive before any contemplated operation, espe- 
cially one of the upper respiratory tract. It is 
also important in operations in which deep 
and prolonged anesthesia is necessary, in 
which case the production of mucus is in- 
creased and the cough reflex is diminished 
sufficiently to permit aspiration into the 
smaller bronchi. Sometimes the material 
aspirated in this manner is thick enough to 
plug the bronchi, thus causing atelectasis, or 
is infected with pus producing cells from the 
mouth or other organisms from the upper 
respiratory tract causing secondary infection. 

Strong sedatives should not be used before 
and after operation because they decrease the 
cough reflex and facilitate the retention of the 
secretions in the lower bronchi. 

One of the most important steps in post- 
operative prophylaxis is the frequent aspira- 
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tion of the bronchial secretions and vomitus, 
if present in the trachea, by nasal catheter. 
Inhalation of oxygen and encouraging the 
patient to cough after operation are two other 
prophylactic measures. 

Medical treatment. Nonsurgical methods of 
treating lung abscess, except bronchoscopic 
aspiration, have been largely discarded be- 
cause they are ineffective and because they 
lead to delay in the performance of surgical 
drainage. Some abscesses, however, become 
healed spontaneously by breaking into a 
bronchus and thereby accomplishing the same 
effective drainage which the surgeon aims to 
create by external drainage. But this fortu- 
nate result is not to be expected. In general a 
lung abscess that seems not to be draining 
itself adequately through a bronchus should 
have external drainage as soon as the diagnosis 
has been established. Neuhof’s writings on 
this subject, which will be discussed more 
extensively later, have had great influence in 
changing our conceptions. It is always possi- 
ble, of course, that some specific agent against 
the infecting organisms may be discovered 
which will reduce the necessity of surgical 
interference. But apparently, that agent is 
not yet at hand. Penicillin seems to be helpful 
in some cases but not in most. 

In all our lung abscess cases, postural drain- 
age was given a fair trial as treatment except 
in those cases with abscesses located in the 
upper lobes. We start the patient on postural 
drainage for 5 minutes and increase the time 
gradually to 30 minutes. The patient is put 
on a specially built postural drainage table 
from two to three times daily with the table 
tilted to a 45 degree angle. We encourage the 
patient to cough and expectorate during these 
periods. Sometimes this procedure coupled 
with bronchoscopy cures the abscess without 
surgical intervention. 

Bronchoscopy. Most of our bronchoscopies 
are performed under avertin anesthesia ad- 
ministered rectally, 85 milligrams per kilo- 
gram of body weight. In poor risk patients or 
patients with severe heart conditions we use 
local anesthesia, pontocaine 2 per cent. 

Of our patients, 92 per cent have had either 
one or more bronchoscopies. We consider this 
one of the most important features in the 


diagnosis and treatment of lung abscess. In 
80 patients treated only by bronchoscopy, 47 
were improved. ? 

As a diagnostic procedure it is very useful 
in localization of the abscess by revealing 
which bronchus is the source of the pus. It is 
invaluable in making a differential diagnosis 
between a simple lung abscess and one associ- 
ated with a carcinoma. In our experience an 
occasional patient exhibits the symptoms of a 
lung abscess which is only a complication of a 
bronchiogenic carcinoma. The tumor blocks 
the bronchus and causes an area of atelectasis 
followed by a lung abscess the symptoms of 
which predominate. On bronchoscopy the 
tumor is revealed and changes entirely the 
aspect of the treatment of the case. 

As a part of the treatment bronchoscopy is 
much used. Sometimes the draining bronchus 
becomes plugged and by introducing the 
flexible suction tip into the bronchus, the 
mucus plug is removed and drainage pro- 
moted. As before mentioned, it is used as a 
means of keeping the bronchi open to facili- 
tate postural drainage. We do cauterization 
through the bronchoscope to remove the 
granulation tissue which sometimes forms and 
blocks the bronchus. This procedure also aids 
in draining the abscess through the bronchi. 
Patients in bad condition can often be so 
greatly improved by several bronchoscopic 
aspirations that the later surgical drainage 
becomes less hazardous. 

We consider bronchoscopy imperative when- 
ever aspiration of a foreign body into the 
bronchial tree is suspected. 

Surgical treatment. Neuhof and Tourofi 
have suggested early one stage surgical drain- 
age in acute lung abscess, considering as acute 
abscesses of not more than 6 weeks’ duration 
from time of onset of first symptoms. As 
basis for the soundness of this suggestion, they 
state that, from observations at operations 
and autopsies, the lung abscess cavity exists 
within 1 week or 10 days of the onset of infec- 
tion. The lesion is usually superficially lo- 
cated in the lobe and adhesions develop very 
early in the disease, which facts make possible 
a one stage operation. At early operation 
they state they find a solitary unilocular lesion 
associated with walling off pleural adhesions. 
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By early operation the possible complications 
of spread of infection by spill-over, fibrosis of 
surrounding pulmonary parenchyma, forma- 
tion of multilocular cavities, and bronchiec- 
tasis are avoided. Also there is less chance of 
development of metastatic abscesses in other 
parts of the body, particularly in the brain, 
and amyloidosis. The results obtained by 
them justify their recommendation of early 
operation since they report a series of 122 
operations for acute lung abscess with a mor- 
tality rate of 3.27 per cent. 

The majority of our patients had reached 
the chronic stage when they came to us for 
treatment. We have found that external 
drainage of the abscess is the most effective 
surgical treatment for lung abscess. In this 
treatment accurate localization of the abscess 
is an important factor to ascertain the point 
where the abscess is closest to the parietal 
pleura, which determines the approach. When 
the site of operation is decided an incision 
varying from 10 to 15 centimeters in length is 
made along the ribs to be resected. We resect, 
as a rule, two ribs subperiosteally in about 1o 
centimeter lengths. The position of the pa- 
tient on the operating table depends upon the 
side to be operated upon and the localization 
of the abscess. The majority of our patients 
were operated upon in the horizontal position 
with the side to be operated upon uppermost. 
In patients in whom we expect to find several 
bronchial fistulas we place the patient in a 
semi-sitting position to keep the secretions in 
the lower bronchi during the operation and 
from plugging the major bronchi to prevent 
suffocation. 

We use general anesthesia in all cases but at 
times use avertin as an induction anesthesia. 
We use either nitrous oxide or intravenous 
pentothal. 

In this series we used the actual cautery to 
unroof the abscess cavity. This procedure 
was carried out in one or two stages depend- 
ing upon whether or not the lung was adherent 
to the parietal pleura. At removal of a section 
of the rib overlying the abscess, it can be 
readily seen whether or not the lung is adher- 
ent to the parietal pleura or moves freely 
beneath it. In cases in which the pleura is not 
adherent the operation must be done in two 


stages. In our series we found a two stage 
operation necessary in 50 per cent of the cases. 
At the first stage we pack the rib beds with 
either acriflavine or iodoform gauze to create 
adhesions. We allow the pack to remain in 
place without changing from 10 days to 2 
weeks. 

When the pleura is found adherent we use 
needle aspiration in order more accurately to 
determine the real position of the abscess after 
which, by means of cautery, the abscess cav- 
ity is widely unroofed. All necrotic tissue and 
pus are aspirated by suction. After it is un- 
roofed, the cavity is tightly packed with 
acriflavine gauze and then a dry dressing is 
tightly applied. We let the pack stay in place 
from 4 to 5 days at which time it is changed 
under general anesthesia, intravenous sodium 
pentothal. The second change of the pack 
can be made under morphine hypodermically 
without too much discomfort to the patient. 
Thereafter the pack is changed every other 
day and packed more loosely in order to give 
the lung a chance to re-expand. 

When the abscess is located near the 
periphery of the lung and is open into the 
pleural space with subsequent empyema, we 
do a thoracotomy drainage with rib resection. 
Occasionally, when the chest is opened, it is 
found that the opening through which the 
abscess drains into the pleural space is not 
large enough and we enlarge this opening 
with cautery. The pleural cavity is drained 
by means of a large rubber tube. This opera- 
tion is performed under the same anesthesia 
as we use for cautery. The patient is placed 
in the semi-sitting position because so many 
bronchopleural fistulas are present. 


TABLE IV.—TYPES OF OPERATIONS PERFORMED 
AND THE NUMBER OF CASES HAVING EACH 


Operation No. 


We do lobectomy for lung abscess in cases 
in which the cavity does not heal completely 
and the bronchopleural fistulas are still pres- 
ent 6 months or more after the cautery opera- 
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tion is performed. If, however, any active 
infection is present, lobectomy is a dangerous 
operation. In this series, 28 cases of lobectomy 
for lung abscess are included. The lobectomy 
is performed under cyclopropane intratracheal 
anesthesia with the patient in the horizontal 
position with the side to be operated upon 
uppermost. We never start the operation 
until 5 per cent glucose in saline or distilled 
water is running intravenously. Shortly after 
the operation begins we start blood transfu- 
sion. In the average case the patient is given 
routinely a transfusion of 500 to 1000 cubic 
centimeters of whole blood. The postero- 
lateral incision is used and the 6th rib removed 
subperiosteally. In chronic lung abscess cases, 
because of the many adhesions and the pres- 
ence of scar tissue, the dissection of the hilar 
structures is either so difficult or impossible in 
some cases that mass ligation of the hilus is 
the only safe procedure. Of the 28 lobectomies 
reviewed in this series we used individual liga- 
tion in only 7 cases. We routinely drain these 
patients with two rib resection drainages, one 
in the posterior axillary line through the 7th 
or 8th rib and one in the mammillary line 
through the 6th or 7th rib. We keep this pro- 
cedure as a closed drainage from 1o days to 2 
weeks and then use open drainage. In pa- 
tients with lung abscess and secondary bron- 
chiectasis with copious bronchial secretions 
bronchoscopy is carried out before and after 
the operation. 

We also have 2 total pneumonectomies for 
lung abscess in this series in which there were 
multiple abscesses involving the entire lung. 

Postoperative complications. One of the 
most serious postoperative complications in 
lung abscess is hemorrhage. The use of the 
cautery makes hemorrhage less likely to occur, 
and we found that tightly packing the open- 
ing after the operation helps to prevent hem- 
orrhage in many cases. 

Occasionally a complication is caused by 
spillover of pus into the healthy lung tissue. 
Sometimes this has caused involvement of the 
opposite side, blocking the bronchus and 
spreading the disease. This mishap can be 
avoided by frequent aspiration of secretions 
and encouraging the patient to cough during 
the early postoperative period. 
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Whenever the abscess is close to the periph- 
ery and the cavity ruptures into the pleural 
space and bronchopleural fistulas are present, 
empyema occurs. We found in our series 94 
cases of preoperative empyema. As a post- 
operative complication it is a rare occurrence, 
because we exercise much care to see that 
adhesions are present before drainage is at- 
tempted. When the empyema occurs, the 
patient usually develops an anaerobic infec- 
tion of the pleural cavity which requires ade- 
quate drainage and changes the prognosis of 
the case for the worse. 

Another complication worthy of considera- 
tion is septic spread of the disease to other 
parts of the body. These abscesses exhibit the 
same type of pus, the same odor, and the same 
bacteriological flora. In our series we found 
sometimes metastatic abscesses even in the 
abdominal wall and in the lower extremities. 
Two frequent sites are the kidneys and the 
spleen. 

Brain complications. Sixteen, or 5 per cent, 
of the cases had brain complications. Nine 
were proved brain abscess cases, 4 were 
doubtful, and 3 had cerebral embolisms. In 
only 1 case was an operation for the brain 
abscess performed and this was unsuccessful. 
In 1 case the lung abscess followed a cra- 
niotomy. 

In many of our cases bronchopleurocutane- 
ous fistulas were present after operation. Often 
they close spontaneously but when they re- 
main for long periods of time they require 
lobectomy, plastic operation such as muscle 
graft or Schede thoracoplasty. 


RESULTS 
TABLE V.—RESULTS OBTAINED IN 
OUR PATIENTS 


Results Per cent 
Mortality in cases surgical and nonsurgical..... 27.4 
Improved—surgical and nonsurgical............ 72.96 
Mortality in surgical cases...................++ 38.8 


It is very difficult to state just what type of 
treatment is best for lung abscess because 
there are so many variable factors to be con- 
sidered in each case. The success of the treat- 
ment depends upon the duration of the disease 
prior to operation, the patient’s general condi- 
tion, the etiology of the disease, the bacterio- 
logical flora, and the location of the abscess. 
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In our series 164 patients had surgical treat- 
ment and 80 patients had no surgical treat- 
ment. Of the patients treated by bronchos- 
copy only 61 per cent were improved and the 
mortality rate was 20 per cent. In those hav- 
ing surgery 62 per cent were improved and the 
mortality rate was 38.8 per cent. In the series 
as a whole, the over-all mortality rate was 
27 per cent with 73 per cent of the patients 
improved. 


SUMMARY AND CONCLUSIONS 


In this paper we have presented a review of 
244 cases of lung abscess, some of which were 
treated surgically and some nonsurgically. 
We make no attempt to prescribe any definite 
method of treatment for lung abscess but in 
these conclusions present some facts, found 
in our series of cases, which we consider 
worthy of note. 

1. A precise localization of the abscess is 
very important in determining the method of 
approach in cases in which surgery is contem- 
plated. X-ray examination and bronchoscopy 
are particularly useful in this respect. In our 
series the most prevalent site of the abscess 
was the right lower lobe, the next the left 
lower lobe, and the next the right upper lobe. 

2. Forty-one abscesses developed after ton- 
sillectomies, and 27 after abdominal opera- 
tions, all performed under general anesthesia 
and most of them under ether. In 23 per cent 
of our cases in children, lung abscess was 
caused by aspiration of a foreign body. 

3. In cultures of sputum, material obtained 


by bronchoscopic aspiration and the material ° 


from the abscess itself, we found both aerobic 
and anaerobic organisms. Pneumococci were 
most frequently found and less often Staphy- 
lococcus aureus, fusiform bacilli, hemolytic 
streptococci, micrococcus: catarrhalis, etc. 

4. In regard to symptomatology, we found 
the earliest and most frequent symptom was 
cough, dry at first and later becoming pro- 
ductive. Of our patients, 88.6 per cent had 
foul sputum, 11.4 per cent had odorless spu- 
tum, and 57.8 per cent had hemoptysis. 
Chills and fever were found in go per cent of 
the cases and chest pain in 94 per cent. 

5. In the cases reviewed, 154 were male and 
90 female, 208 adult, and 36 children. The 


average age of the adult patients was 35.9 
years, and the children ranged between 1 
month and 13 years. 

6. The average duration of the disease in 
these cases presented was 1 year. This factor 
is to be considered when the type of treatment 
to be prescribed is selected. 

7. We consider the following as possible 
preventives of lung abscess following surgery: 
(a) good care of teeth, gums and throat before 
a contemplated operation; (b) avoidance of 
the use of strong sedatives before and after 
operation because they decrease the cough 
reflex; (c) frequent aspiration of the trachea 
and bronchial tree by nasal catheter; (d) the 
encouraging of the patient to cough after 
operation; (e) early aspiration bronchoscopy 
in a postoperative atelectasis. 

8. In acute cases the abscess should have 
surgical drainage as soon as it is diagnosed. 

g. In some chronic cases we try conserva- 
tive treatment first and, if the patient does 
not improve sufficiently with this treatment, 
operation is performed. 

10. We create surgical drainage by several 
methods, depending on the location of the 
abscess. In cases of peripheral abscess with 
empyema a thoracostomy is performed with 
additional enlargement of the opening in the 
lung by cautery if necessary. We performed 
37 thoracostomies for associated empyema. 
In cases with more deeply situated abscesses, 
the cautery procedure described in the text 
was carried out, totally unroofing the cavity 
with resection of the overlying ribs. This pro- 
cedure is performed in one or two stages de- 
pending on whether or not the pleura is 
adherent. When done in two stages, an inter- 
val of from 1o days to 2 weeks is allowed to 
elapse between stages. In all surgical proce- 
dures, we use general anesthesia. Needle 
aspiration is helpful in accurate localization 
of the abscess after the pleura is exposed. We 
allow the pack to remain in the abscess cavity 
for about 5 days, changing it the first time 
under general anesthesia. Thereafter the 


pack is changed every other day and applied 
more loosely to allow the lung to re-expand. 

In some cases in which the cavity does not 
heal completely and bronchial fistulas remain 
over a considerable period of time, we perform 
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a lobectomy. There are 28 lobectomies in 
this series and 2 total pneumonectomies. 

11. The postoperative complications that 
we encountered were hemorrhage, spill-over, 
empyema, septic spread of the disease involv- 
ing the subcutaneous tissues of the body, kid- 
ney, spleen, and brain. Bronchopleurocuta- 
neous fistulas sometimes require plastic oper- 
ation, Schede thoracoplasty, or lobectomy for 
obliteration. 
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VOLVULUS OF THE SIGMOID COLON 


Report of Twenty-five Cases 


WILLIAM D. GRIFFIN, M.D., GEORGE R. BARTRON, M.D., and 
KARL A. MEYER, M.D., F.A.C.S., Chicago, Illinois 


N the United States volvulus of the sig- 
moid colon is so uncommon that few 
series are large enough to evaluate ade- 
quately the clinical picture, diagnosis, 

and therapy of this condition. This is not 
true in Eastern Europe, for of 215 cases of 
intestinal obstruction reported by Pearlman 
from a Russian clinic, 111, or more than half, 
were cases of volvulus. Of 102 cases seen at 
the Friedrichshain Hospital in Berlin, Braun 
and Wortman list 31 cases of volvulus of the 
sigmoid colon. At the Cook County Hospital, 
458 cases of large bowel obstruction were 
treated between 1937 and 1945. Thirty-seven 
of these cases were volvulus of the sigmoid 
colon at an incidence of 8.0 per cent. These 
cases comprised 2.2 per cent of all intestinal 
obstructions admitted. The clinical and sur- 
gical records and the x-ray films in 25 of these 
cases of established volvulus of the sigmoid, 
in which all the data were complete, have been 
reviewed and constitute the basis of this 
report. 
ANALYSIS OF CASES 

Table I gives the age, distribution of sex, 
and symptoms in 25 cases of volvulus of the 
sigmoid colon. The following observations 
were made: 14 cases or, 56 per cent, were con- 
fined to the age group of 51 to 70 years. The 
sex is usually reported as predominately male 
and our series agrees, showing an incidence of 
16 males and 9g females. Although volvulus 
has been divided into 3 groups by Fernstrom 
our cases fit better into two general types, 
acute and subacute. Seven patients of the 
acute type, or 28 per cent, which occurred in 
the younger age groups, had an onset that is 
short in duration, usually about 24 hours, 
with no history of previous attacks and an 
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equivocal history of constipation. All these 
patients experienced early emesis of a tran- 
sient nature, and generalized cramping ab- 
dominal pain. Eighteen patients of the sub- 
acute type, or 72 per cent, showed a different 
picture in that the condition occurred in the 
older age groups, had a more gradual onset of 
symptoms, with an average duration of 102 
hours, and consistently presented a history of 
previous attacks, chronic constipation, emesis 
late in the course of the disease, and cramping 
lower abdominal pain. 

In Table II the physical findings are sum- 
marized in both the acute and subacute types 
of volvulus. Half of the acute type showed 
distention, audible peristalsis, minimal abdom- 
inal tenderness, and ability to take amounts 
of enema up to 1000 cubic centimeters. The 
x-ray films in these patients indicated disten- 
tion of the sigmoid due to volvulus, and lapa- 
rotomy revealed a sigmoid volvulus with 
viable bowel. The remainder of the acute type 
had severe distention, absence of peristaltic 
sounds, abdominal tenderness, and the inabil- 
ity to take more than a 500 cubic centimeter 
enema. The flat film of the abdomen or the 
barium enema revealed a pattern indicative 
of volvulus of the sigmoid. Laparotomy con- 
firmed these findings and showed, in addition, 
a gangrenous loop of bowel. The 2 deaths 
which occurred in the acute type had de- 
veloped a gangrenous segment. 

All the cases of the subacute type of sigmoid 
volvulus were characterized by severe abdom- 
inal distention. Marked tympany and audible 
or visible peristalsis were also absent. Abdom- 
inal tenderness was a variable finding. The 
enema test was for the most part consistent in 
that 76 per cent of the patients were unable to 
take more than a 500 cubic centimeter tap 
water enema introduced under the force of 
gravity. The patients who were able to take 
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TABLE I.—SYMPTOMS ACCORDING TO AGE DISTRIBUTION 


Age groups 10-20 21-30 30-40 41-50 51-60 61-70 71-80 Total 
Number of cases 4 I 2 2 9 5 2 25 
Per cent of cases im cr mess 4 8 8 36 20 8 
Sex—male I I I 6 5 wat 16 
—female 3 I I I 3 ° ° 9 
Onset Acute Acute Acute Subacute 7 Subacute Subacute 9 _ 
Subacute Acute 
Average duration in hours 28 24 18 74 139 102 96 
Previous attacks oO oO x x x x x 
Emesis—early x p xX Oo Oo Oo 
—late 0 oO oO x x x x 
General abdominal cramps— x x x x x x x 
Constipation Oo xX x 3 x x x 
X—Present 
O—Absent 


more than 500 cubic centimeters were in the 
class of incomplete volvulus and the enema 
return was always incomplete as some of the 
solution was caught in the twisted loop. It 
was seldom necessary to use the barium enema 
to make the diagnosis. However, in those few 
cases in which, on examination of the gas 
pattern on the flat film of the abdomen, doubt 


TABLE II.—PHYSICAL FINDINGS IN TWENTY- 
FIVE CASES OF VOLVULUS OF SIGMOID 


Acute Subacute 
volvulus volvulus Per 
number of | number of | cent 
cases cases 

Distention—moderate 4 ° 16 

—severe 3 18 84 

Tympany 7 18 100 
Peristalsis—visible I 4 
—audible 6 Ir 

—absent 3 5 32 

Abdominal tenderness—pressure 4 I 20 

—rebound 5 5 40 

—absent 10 40 

Enema taken in cubic centimeters 

—500 c.c. or less 7 12 76 

—500 C.c. or more 2 4 24 

—1000 C.c. or more 2 4 24 

X-ray evidence—fiat film 7 13 80 

—barium enema 2 3 20 

Gangrene 5 7 48 

Viable bowel 4 9 52 


still existed as to the diagnosis, the pattern of 
the barium enema was conclusive. Gangrene 
was present in half of the cases of the sub- 
acute type. The mortality rate was 50 per 
cent but was unrelated to the gangrene, since 
an equal number succumbed with a viable 
bowel as with a gangrenous bowel. The over- 
all mortality for both types was 40 per cent. 

The acute type follows the course of a ful- 
minating lesion, and there is the same marked 
prostration that is associated with volvulus 
elsewhere in the gastrointestinal tract. Be- 
cause all of these patients have early transient 
emesis, cramping abdominal pain with tender- 
ness in all the quadrants of the abdomen, and 
some fever, their symptoms may be mistaken 
for an inflammatory intra-abdominal lesion. 
The following case is cited as representative of 
this type. 


A. B., a 31 year old colored female, was perfectly 
well until 8 hours prior to admission, having slept 
well and eaten her usual breakfast. She had a nor- 
mal bowel movement and went to work. At 9:30 
a.m: she was seized with severe cramping abdominal] 
pain, more severe on the left side. She soon vomited 
what she had eaten. The cramps then became gen- 
eralized although they were less severe. At 11:00 
a.m. she took some effervescent medication. The 
pain then became quite severe and the patient was 
taken home and put to bed. At 1:00 p.m. she began 
to vomit a clear frothy material that had no distinct 
odor. By 6:00 p.m. the pain had become progres- 
sively severe, and the patient decided to go to the 
hospital. 


an 
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Fig. 1. Acute onset of 18 hours’ duration. Flat film 
reveals the distended sigmoid colon occupying the right 
abdomen. The secondary distention of the colon above the 
volvulus is quite evident in the right upper abdomen. 
Arrow marks the point of volvulus. 


Physical examination revealed a colored female 
who appeared acutely ill. Temperature was 99.6 de- 
grees; respirations, 22; pulse, 88; blood pressure, 
126/86. Her abdomen was distended 3 centimeters 
above the xyphopubic line. There was generalized 
abdominal tenderness with rebound tenderness. 
Some rigidity was present. Liver dullness was di- 
minished. Peristaltic sounds were diminished mark- 
edly and were obstructive in nature. The patient 
was unable to retain a tap water enema. A film of 
the abdomen revealed an enormous gas filled loop 
suggestive of a sigmoid volvulus (Fig. 1). A gan- 
grenous loop of sigmoid with a 360 degree twist was 
found at operation and was treated by an exteriori- 
zation (Mikulicz) procedure. The patient made an 
uneventful recovery. 


In contrast to the acute fulminating type of 
lesion described, there is the more commonly 
seen type of sigmoid volvulus which we have 
called subacute. The great majority of these 
patients were ambulant throughout the course 
of the disease despite the tremendous disten- 
tion of their abdomen and a complaint of only 
moderate discomfort. The symptoms are at 
first attacks of partial obstruction of the colon. 


Fig. 2. Recurrent subacute volvulus. Duration 102 
hours on this admission. Barium enema shows an accentu- 
ated “ace of spades” deformity of the sigmoid and rectum 
distal to the site of the twist. This film retouched by artist 
to accentuate the abrupt smooth termination of the enema. 


Obstipation for a day is followed by a dis- 
tended abdomen and gas pains below the na- 
vel relieved by flatus. The tendency is for the 
attacks to become more frequent until com- 
plete obstruction sends the patient to the 
physician (12). The following case illustrates 
this subacute type of sigmoid volvulus. 


C.D., a 53 year old colored woman, was an 
ambulant patient who was admitted to the hospital 
with the following complaints. She stated that 81 
hours previously she noticed a cramping abdominal 
pain, moderate in force, and located suprapubically 
in the lower abdomen. She took some mineral oil for 
relief. The pain, however, continued intermittently 
for about 1 hour after this then stopped. An hour 
later the pain recurred, this time located in the left 
lower quadrant. This pain was much the same as 
previously, but of stronger intensity, recurring about 
every 20 to 30 minutes and lasting about 2 minutes. 
The pain then spread throughout the entire lower 
abdomen; and about 5 hours after the onset of the 
pain the patient noticed that her abdomen was be- 
ginning to swell. Twenty-five hours after the onset 
the patient had a bowel movement passing a large 
amount of feces and flatus. The patient was then 
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Fig. 3. Two meter film of the chest showing elevation of 
the diaphragm and displacement of the stomach gas 
shadow by the distended sigmoid colon. 


free of complaints for the next 2 hours. The pain 
then recurred with the same intensity, still more 
severe in the left lower quadrant, was of a cramping 
nature, and was associated with abdominal disten- 
tion. Home remedies produced no relief, and she 
began to vomit a material that was believed to be the 
medication. Her past history was negative except 
for chronic constipation necessitating the daily use of 
mineral oil for the past 10 years. There was no his- 
tory of melena or weight loss. Two years ago she had 
a similar attack and was operated on for ‘‘locked 
bowels.” She has had many previous episodes of this 
type that cleared spontaneously when enemas were 
given. 

The patient did not appear acutely ill. There was 
marked abdominal distention above the xypho-pubic 
line, which was not symmetrical because of the more 
marked epigastric fullness. Peristaltic waves trav- 
eled over the epigastric and abdominal loops at 
about 2 minute intervals and lasted about 2 min- 
utes. There was a midline suprapubic laparotomy 
scar. The abdomen was soft, and there was no ten- 
derness. Peristaltic sounds were low pitched with 
high pitched tinkles interspersed and occurring every 
2 minutes. Rectal examination was negative and 
there was no gross or chemical blood. Temperature 
was 101.1 degrees; respirations, 21; pulse, 86; blood 
pressure, 158/85. The patient was unable to take 
more than 500 cubic centimeters of a tap water 


Fig. 4. Same case as Figure 3. Oblique 2 meter film of 
the chest showing elevation of the left leaf of the diaphragm 
by the distended sigmoid colon. 


enema and it returned clear. The barium enema 
revealed the distended sigmoid loop and the ‘‘ace of 
spades” appearance of the colon distal to the ob- 
struction (Fig. 2). Two meter chest films of this pa- 
tient (Figs. 3 and 4) reveal the gas filled sigmoid 
loop with distention so marked that the diaphragm 
was elevated and the stomach displaced. Through a 
left paramedian incision the volvulus was recognized 
and was treated by a lateral anastomosis between 
the proximal and distal segments of the sigmoid. 
The sigmoid was decompressed at operation by the 
use of two rectal tubes which were threaded up the 
redundant loop and then attached to a suction ap- 
paratus. One month after the operation, the pa- 
tient again became distended and obstructed and a 
barium enema (Fig. 5) revealed the enormous, re- 
dundant sigmoid loop. The obstruction was re- 
leased by the use of oil and enema proving that it 
was incomplete. Then the patient was reoperated 
upon and a resection of the redundant portion of the 
sigmoid was performed. The patient has been with- 
out symptoms for 2 years. 


The clinical course and response to surgical 
intervention in these cases was quite variable 
and it is impossible to enumerate all the fac- 
tors that could be considered as contributory 
to the cause of death. In Table III we have 
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TABLE III.—OPERATIVE RESULTS IN CASES OF 
VOLVULUS 


Mikulicz 8 3 3—Initia! procedure 
All patients who 1—Case 5—Patient 
died had a loop had a cecostomy 
of gangrenous 15 days previ- 
sigmoid ously 
1—Case 14* 
Detorsion 6 1 —Recurrent 3—No other meas- 
volvulus ures required 
1—Case 14* 
1—Recurrent vol- 
vulus relieved by 
conservative 
measures 
Rankin 5 2 2 
obstructive 1—Case 10— 
resection Patient had a 
cecostomy 24 
hours previously 
Cecostomy 4 2 | 1—Case 5—Patient 
had a Mikulicz 
15 days later 
1—Case 10— 
Patient had a 
Rankin obstruc- 
tive resection 24 
hours later 
No surgical 2 I I 
intervention 
Lateral I 1—Case 14* 
anastomosis 


*Case 14—Patient originally had a simple detorsion followed by a lat- 
era] anastomosis 1 month later. Two years later he had a Mikulicz pro- 
cedure. Sigmoid volvulus recurred twice in this patient. 


attempted to correlate the surgical procedure 
and its sequelae. Eight patients were treated 
by a Mikulicz (11) procedure. Of these, 6 
were treated by this method as the initial pro- 
cedure. One patient had a cecostomy 15 days 
previously, and 1 patient had a simple de- 
torsion then a recurrent attack and a lateral 
anastomosis, and, on the third recurrence, an 
exteriorization and resection of the markedly 
redundant sigmoid loop. Three patients ex- 
pired and in all 3 gangrenous bowel was 
present. 

Six patients were treated by simple detor- 
sion, with 1 death. Of these, 3 patients had 
recurrent attacks; 1 of which was relieved by 
conservative therapy, 1 by a lateral anasto- 
mosis between the proximal and distal sig- 
moid loops, 1 patient was not relieved by 
conservative therapy and expired. 

Five patients were treated by a Rankin 
obstructive resection (14) with a fatal out- 
come in 3. 

In 4 patients the diagnosis of large bowel 
obstruction was made and they were treated 


Fig. 5. Same case as Figures 3 and 4. Barium 1 year 
after lateral anastomosis. Symptoms of obstruction were 
present for 96 hours on this admission. Barium enema re- 
veals the degree of distention of the sigmoid colon. Note 
the ability of the colon to retain the enema because of the 
valve-like action of an incomplete volvulus. 


by a McNealy cecostomy (10). They did not 
respond to this therapy. Two patients died 
and of the 2 who survived cecostomy, one 
required a Rankin obstructive resection 24 
hours later for gangrenous bowel, and the 
other was partly relieved by the cecostomy 
only to become completely obstructed re- 
quiring an exteriorization procedure 15 days 
later. 

Two patients were treated by conservative 
methods of oil and enema routine in the knee 
chest position because they refused operation. 
One of these recovered but he had a recur- 
rence of his volvulus 2 years later and expired. 

One of the most significant findings in this 
review of the operative and nonoperative ther- 
apy of volvulus of the sigmoid colon, is that 
volvulus is a lesion with a marked tendency 
to recur, doing so in 20 per cent of the cases 
and necessitating further operative proce- 
dures, and being associated with a mortality 
of 40 per cent. 
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Fig. 6. Insidious subacute onset of 102 hours’ duration. 
Flat film shows the marked degree of distention of the sig- 
moid loop which occupies the entire abdominal cavity. 
Arrow marks the point of the volvulus. 


DISCUSSION 


Since volvulus takes place by rotation of 
the loop around its mesenteric axis it requires, 
of course, a mobile loop of sigmoid (9). 
Treves considers chronic constipation an im- 
portant etiological factor. All writers stress 
the increased length of the intestinal loop 
involved and many attach significance to a 
vegetable diet among the Russian and Sibe- 
rian people. In our series there was no inci- 
dence of vegetable dietary abnormalities. 
Rather we found that there was a constant 
finding of chronic constipation and cathartic 
habit. These factors could produce hyper- 
trophy of the sigmoid colon in length, breadth, 
and thickness while the mesenteric base re- 
mained the same. Such condition might pre- 
dispose to volvulus. Brehm observed an 
abnormally long sigmoid flexure to be more 
frequent in males than in females. Another 
possible explanation of the difference in sex 
frequency, offered by Wangensteen (18), is 
that the more relaxed abdominal wall and 
roomier pelvis in the female is more apt to 


favor spontaneous reposition if a twist oc- 
curs. Other etiological factors which we have 
observed at laparotomy are bands of adhe- 
sions either congenital or due to an old peri- 
tonitis, or due to previous attacks of volvulus 
with hemorrhage into the mesentery and heal- 
ing with scar formation causing a secondary 
contraction of the base of the mesentery (6). 

Bloodgood gives an interesting and reason- 
able explanation of the mechanism of vol- 
vulus. He believes that a distal colon dis- 
tended habitually with feces will develop a 
thickening of its walls. This phenomenon can 
be verified in resected specimens. The sig- 
moid wall is found to be thickened up to 1 
centimeter in spite of a tremendous amount 
of acute distention. The base of the mesentery 
in such cases is relatively narrow, and the 
condition is spoken of as a contracting mesen- 
teritis. This contraction draws the bases of 
the mesentery of the proximal and distal por- 
tions of the sigmoid together thus enabling it 
to be more easily twisted. Constipation and 
fermentation with the formation of gas and 
the consequent distention lifts the sigmoid 
loop up into the abdominal cavity, and, as the 
proximal sigmoid dilates, it becomes more 
tense because of its fixed attachment with the 
descending colon. Meanwhile the lower por- 
tion of the sigmoid and the upper part of the 
rectum which are less fixed rise, and as the 
least resistance is to the left, the distended 
lower portion of the sigmoid and rectum move 
in that direction. The upper portion of the 
sigmoid moves down to the right and the 
volvulus is produced with a clockwise mesen- 
teric twist. Such twist was found to be pres- 
ent in the 6 cases of which a record of the 
direction of the volvulus was kept. But, 
since in 19 other cases, the direction was not 
noted, the evidence is still inconclusive. 

The greatest incidence of volvulus of the 
sigmoid colon occurs in middle and advanced 
years. In 119 cases collected in the European 
literature, Giffhorn observed the following age 
distribution. Of 108 cases of volvulus of the 
sigmoid, 46 cases were in the age group of 31 
to 50 years and 40 cases were in the age group 
of 51 to 70 years. 

Determination of the capacity of the colon 
by the use of a tap-water enema has long been 
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considered as a sign of diagnostic importance 
in mechanical obstruction of the large bowel. 
The normal capacity of the colon in an unob- 
structed adult is usually 2 to 3 liters of water. 
The inability to introduce 500 cubic centi- 
meters of water points to the presence of sig- 
moid volvulus (17). This diagnostic finding 
was present in the majority of cases, but when 
the volvulus of the sigmoid is incomplete 3 
liters of water may be introduced into the 
redundant loop. However, it has been our 
experience that when this occurs the patient 
can expel only a small portion of this amount. 
Since only 24 per cent of the patients showed 
this valve-like action, it cannot be regarded as 
a pathognomonic findings, as has been claimed 
by some authors. 

Tenesmus and bloody mucus in the rectum 
have been reported as not being infrequent 
but was present in only 1 of our cases. 

Of great diagnostic significance is both the 
flat x-ray film of the abdomen and that fol- 
lowing the use of barium enema. We wish to 
call special attention to the rather typical gas 
pattern of sigmoid volvulus as is demonstrated 
in Figures 1, 2,and 7. In all these cases which 
vary in duration from 24 hours to 5 days, it is 
quite evident that the tremendously dilated 
sigmoid loop is situated in the right side of the 
abdomen, and there is moderate distention of 
the colon beyond it. These findings are classi- 
cal roentgenographic evidence of sigmoid vol- 
vulus (8). Rigler and Lipschultz state that 
the diagnosis of sigmoid volvulus is made by 
the demonstration of a double point of ob- 
struction, the size and position of the sigmoid 
loop, and the presence of unusual amounts of 
fluid. From the evidence of the roentgeno- 
grams in our own series the presence of an 
unusual amount of fluid appears to be an 
atypical and coincidental finding. Even in 
these cases in which there was neglect in treat- 
ment for 4 and 5 days no x-ray evidence of an 
abnormal amount of fluid within the bowel 
was found. 

Figures 2 and 7 demonstrate that x-ray 
films after a barium enema reveal a normal 
mucosal pattern in the sigmoid and rectum 
distal to the dilated loop. The upper end of 
the opacity, however, comes to a sharp point 
and produces the appearance of an ‘‘ace of 


Fig. 7. Acute onset of 28 hours’ duration. Barium 
enema reveals the “ace of spades” appearance of the sig- 
moid colon and rectum distal to the volvulus. Note the 
smooth abrupt termination of the filling defect as indicated 
by the arrow. 


spades” (7). The only lesion that may simu- 
late this picture is obstruction due to tumors, 
but in these cases there is usually a ragged 
stenosis coexistent with the lesion. Thus from 
the examination of the flat x-ray films of the 
abdomen, and in doubtful cases, of the films 
following a barium enema, the diagnosis of 
sigmoid volvulus may be made with a reason- 
able degree of assurance. 

Treatment of these patients on the general 
surgical services at this hospital has been as- 
sociated with a mortality of 40 per cent. 
Perthes reports a mortality of 39 per cent and 
Pearlman reported a mortality of 46 per cent. 
Metheny in his study of the problem recom- 
mends the routine conservative use of enema 
to relieve the obstruction but admonishes that 
this should not be persisted in too long. The 
signs of detorsion are the passage of large 
amounts of feces and flatus, but this detorsion 
gives no assurance that the volvulus will not 
recur. Simple untwisting of the volvulus by 
this method or by surgical intervention has 
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been found to be inadequate because the un- 
derlying pathological condition has not been 
affected. Attempts to perform a lateral anas- 
tomosis in the presence of an unprepared dis- 
tended bowel have been admittedly quite 
unsuccessful, even though these patients may 
be completely decompressed at the time of 
surgery by the routine use of two rectal tubes 
which are threaded up into the redundant sig- 
moid and attached to a suction apparatus. 
Our data indicate that an exteriorization pro- 
cedure executed in the presence of a viable 
bowel gives the best recovery rate. If a gan- 
grenous bowel is present, resection is obliga- 
tory, but even in the cases of viable bowel, 
secondary resection following the exterioriza- 
tion procedure seemed to be the operation of 
choice. 
SUMMARY AND CONCLUSION 

1. There are two main types of sigmoid 
volvulus: 

Acute (7 cases), characterized by occur- 
rence in the younger age groups, short onset, 
equivocal history of constipation, early tran- 
sient emesis, generalized cramping abdominal 
pains, abdominal tenderness, acute distention, 
and marked prostration. These patients tend 
to develop gangrene early and run a fulminat- 
ing course. 

Subacute (18 cases), characterized by oc- 
currence in the older age groups, of a more 
gradual onset of symptoms, history of previ- 
ous attacks and constipation, and emesis late 
in the course of the disease. These patients 
tend to develop gangrene slowly and run a 
more moderate course. 

2. Seventy-six per cent of the patients were 
unable to take an enema of more than 500 
cubic centimeters. 


3. The single most helpful aid was x-ray 
examination. The typical roentgenographic 
findings are: tremendously dilated sigmoid 
loop situated in the right abdomen; moderate 
distention of the colon above the volvulus; 
absence of a collection of fluid within the 
bowel; ‘‘ace of spades” appearance of the 
barium enema opacity; normal mucosal pat- 
tern in the sigmoid and rectum distal to the 
dilated loop. 

4. Volvulus of the sigmoid tends to recur 
and therefore simple detorsion is not the 
treatment of choice. 

5. Exteriorization and second stage resec- 
tion give the best results. 
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THE SIGNIFICANCE OF TUMOR CELLS IN 
SEROUS EFFUSIONS 


ALVIN H. HONIGMAN, B.S., M.D., Baltimore, Maryland 


HE study of the physical, chemical, 

bacteriological, and cytological char- 

acteristics of fluids obtained from 

body cavities has long been recog- 
nized as a valuable diagnostic procedure. 
Many times clinicians ignore another diagnos- 
tic examination which may be carried out on 
aspirated fluids. This is the study of sedi- 
ments from fluids for malignant cells. The 
results of examining effusions in the following 
reported cases emphasize the importance of 
this procedure as a diagnostic aid and prog- 
nostic guide. 

The identification of neoplastic cells in exu- 
dates has been attempted for many years. 
Zemansky cited Beale as the first to recognize 
carcinoma cells in exudates. Beale in 1860 
found malignant cells in sputum from a case 
ofcarcinomaofthe pharynx. In 1875, Quincke 
published the first study on cells in smears 
made from peritoneal and pleural fluids. From 
that time on the literature has contained re- 
ports of numerous series of cases in which 
stained smears were examined for tumor cells. 
Zemansky has published an excellent review 
of this work, and the reader is referred to his 
article for a review of this literature. 

The earlier reports were based on smears 
made directly from the body fluids. Bahren- 
burg, in 1895, was the first to use sections of 
sediment remaining after decantation of su- 
pernatant fluid. Mandlebaum described a 
simple technique of using sediment after cen- 
trifuging the original fluid. Several modifica- 
tions of this method have since been devel- 
oped. The advantages of sectioned sediment 
are that the cells may be studied in a natural 
relationship one to another and that the 
chance of finding small groups of epithelial 
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cells in tissue sections is greater than in study 
of direct smears. The appearance of cell 
groups is important since identification of car- 
cinoma from individual neoplastic cells is most 
difficult. A large amount of fluid should al- 
ways be used if available. There are occasions 
when only a few cells or groups of cells are 
present, and the more fluid used, the greater 
is the chance of observing them. However, 
typical carcinoma cells may be found in only 
a few cubic centimeters of fluid. 

The technique used in making the histologi- 
cal preparations presented here is simple and 
follows the method of Mandlebaum. The 
fluid is allowed to settle by gravity by stand- 
ing overnight in the icebox. The clear upper 
layer is poured off, and the cloudy sediment is 
centrifuged at 3000 revolutions per minute in 
a wide tube measuring 3 by 7 centimeters for 
a 20 minute period. The supernatant fluid is 
decanted and 10 per cent formaldehyde added 
to the sediment. This mixture is allowed to 
stand for 18 to 24 hours, when the formalde- 
hyde is poured off. By this time the sediment 
has hardened and the resultant button can be 
gently removed with a small scalpel. An 
effort is made to remove the sediment in as 
nearly one piece as possible. It is then run 
through acetone, alcohol, and chloroform, par- 
affin, embedded in paraffin, sectioned, and 
stained with hematoxylin and eosin. 

Examination of the smears. There are varied 
views as to the criteria on which a diagnosis of 
malignant growth can be made. Some investi- 
gators base a diagnosis of carcinoma on the 
appearance of individual cells. Emphasis is 
placed on such characteristics as the presence 
of mitotic figures, variations in the nuclei, and 
the presence or absence of vacuoles. Foot and 
Quensel have stated that the diameters of the 
nucleolus and the nucleus are important, and 
that the nucleolus-nucleus ratio is high in ma- 
lignant cells. Zemansky reported that the 
presence of mitotic figures is pathognomonic 
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Fig. 2 Fig. 3 a 


Fig. 1. Section of sediment from peritoneal fluid, carci- 
noma of the rectosigmoid. X 315. . 
Fig. 2. Section of sediment from pericardial fluid, in a 


of carcinoma. However, Karp and Foot have 
shown mitotic figures in mesothelial cells. 
Zemansky’s criteria for the recognition of tu- 
mor cells are the finding of fragments of tissue 
with definite arrangement of the cells in acinar 
or papillary formation, the presence of multi- 
ple groups of large deeply staining cells, and 
the finding of fine cellular changes such as 
eccentric nuclei or mitotic figures. Foot found 


Fig. 4. Section of sediment from peritoneal fluid, papil- 
lary adenocarcinomatosis. X 315. 


case of carcinoma of the breast. X 315. 
Fig. 3. Section of sediment from thoracic fluid, carci- 
noma of the colon. X315. 


acini or papillae in 15 per cent of his cases, 
metaplasia in 43.5 per cent, mitosis in 26 per 
cent, and multinucleation in 65 per cent. The 
diagnosis of neoplasm may be confused by the 
presence of mesothelial pleural, pericardial, 
and peritoneal covering cells. Schlesinger, in 
a study of fluids taken from 100 patients, 
made a diagnosis of carcinoma only after find- 
ing groups of cells whose arrangement left no 
doubt as to their epithelial nature. 

In the cases here reported, the diagnosis of 
carcinoma was based primarily on the findings 
of tumor cells arranged in pseudoacini, ro- 


Fig. 5. Section of sediment from peritoneal fluid, carci- 
noma of the cervix. X315. 


| Wer 


arci- 


arci- 


HONIGMAN: SIGNIFICANCE OF TUMOR CELLS IN SEROUS EFFUSIONS 297 


settes, or papillae. In a few cases cells were 
found in cords or in solid groups, and the vari- 
ation in size, shape, and chromaticity was 
such that the diagnosis of malignant neo- 
plasm could be made without reservation. 
Several illustrative cases with accompanying 
photomicrographs are presented. 


CasE 1. A 67 year old white male physician was 
admitted to the University Hospital because of ankle 
edema, abdominal swelling, and pain in the right 
arm. A paracentesis had been performed the day 
before admission and the preadmission diagnosis 
was portal cirrhosis. On the day of admission, the 
patient suffered a spontaneous fracture of the right 
humerus. Examination on admission revealed 
marked pitting edema of the lower extremities, 
dyspnea, abdominal swelling, crepitation around 
the right upper arm, and evidence of pleural effu- 
sion. Carcinoma was then suspected and confirmed 
by finding tumor cells in sections of sediment from 
the abdominal fluid. The patient died a few days 
after admission. Postmortem examination was per- 
mitted, and an adenocarcinoma of the rectosigmoid 
was found with metastases to the peritoneum and 
pleurae. 

The section (Fig. 1) shows two groups of cells. 
These cells are arranged in irregular solid groups. 
The cells vary in size, shape, and chromaticity. Al- 
though the section represented does not show mito- 
sis too clearly, other sections presented numerous 
mitotic figures. 

CasE 2. A 42 year old white female was admitted 
because of recurrent attacks of upper abdominal 
pain, nausea, and vomiting of 6 weeks’ duration. 
The patient had a radical mastectomy for adeno- 
carcinoma of the breast 214 years before admission. 
A distended abdomen, moderate dyspnea, and slight 
cardiac enlargement were found on examination. A 
few days after admission, the patient developed a 
paradoxical pulse and other signs of massive peri- 
cardial effusion. A pericardial tap was done and 250 
cubic centimeters of blood fluid removed. Shortly 
afterward, the patient died and permission for au- 
topsy was not granted. The diagnosis of metastatic 
carcinoma was made on the examination of sedi- 
ment from the pericardial fluid. 

The section (Fig. 2) shows numerous red blood 
cells, lymphocytes, monocytes, and isolated meso- 
thelial cells. There are present many clumps of 
atypical epithelial cells arranged in pseudoacini and 
rosettes. The cells vary in size, shape, and chro- 
maticity, and occasional mitotic figures can be seen. 
The cells are irregularly placed in the acinar group- 


ings. 

CasE 3. A 66 year old female entered the Uni- 
versity Hospital because of loss of weight, anorexia, 
and constipation of 1 month’s duration. A gastro- 
intestinal series made in another hospital demon- 
strated a possible prepyloric lesion. Examination 


revealed a tender mass in the left lower abdomen 
and evidence of fluid in the right pleural cavity. A 
thoracentesis was performed and malignant cells 
were found in the fluid. The patient was discharged 
pi the diagnosis of inoperable carcinoma of the 
colon. 

The section represented in Figure 3 presents nu- 
merous large pyknotic epithelial cells arranged in 
acini and rosettes. The acinar formations vary con- 
siderably in size. The epithelial cells are inconstant 
in size, shape, chromaticity and are irregularly 
placed in the acinar groups. These sections are com- 
patible with carcinoma of the colon. 

CasE 4. A55 year old white female was admitted 
because of dyspnea, ascites, nausea, vomiting, and 
loss of weight. These symptoms appeared after 
the patient had been discharged from the hospital 
2 months previously. The discharge diagnosis was 
lymphogranuloma, ascites, and pleural effusion, 
the latter of undetermined etiology. An abdominal 
paracentesis had been performed, but the fluid was 
not examined for cells. Eight years before the initial 
admission, the patient had undergone a bilateral 
salpingo-oophorectomy and hysterectomy. This was 
done in another hospital, and the reports on the sur- 
gical specimens could not be obtained. At the time 
of the latest admission, dyspnea, abdominal disten- 
tion, marked pitting edema of the lower extremities, 
and bilateral pleural effusion were found. An ab- 
dominal paracentesis and a thoracentesis were per- 
formed, and adenocarcinoma was found on the ex- 
aminations of both fluids. The patient expired after 
a rapid downhill course. At autopsy a rectal stric- 
ture with granuloma and papillary adenocarcino- 
matosis with pleural and peritoneal metastases were 
found. The site of the original malignant lesion was 
not satisfactorily determined. 

The section shown in Figure 4 represents a section 
from the peritoneal fluid. Irregular cells with hyper- 
chromatic nuclei of various sizes arranged in pseudo- 
acini and papillae are seen. This arrangement was 
also found in samples of pleural fluid and in a biopsy 
specimen of a nodule which appeared on the abdomi- 
nal wall following the paracentesis. Probably, if the 
abdominal fluid had been examined at the time of 
previous admission, the diagnosis would have been 
made then. 

Case 5. A 4o year old white female was first ad- 
mitted to University Hospital because of irregular 
vaginal bleeding. Pelvic examination had discovered 
erosion of the cervix and several biopsy specimens 
taken on the outside had been reported as benign. 
Another biopsy specimen taken in the hospital had 
been reported as squamous carcinoma. The patient 
was given radium therapy and discharged. A week 
later she was readmitted because of abdominal 
swelling. At this time a small mass was palpated in 
the region of the left ovary. A paracentesis was per- 
formed and a diagnosis of papillary adenocarcinoma 
was made from sections of the sediment. The pa- 
tient was considered inoperable and died a few weeks 
later. Autopsy was not permitted. 
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TABLE Ia.—INCIDENCE OF MALIGNANT CELLS IN PUNCTURE FLUIDS 


Clinical diagnosis 


Type of fluid examined in cases 


Pleural 


Peritoneal 


Pericardial 


Cases in 
which 
malignant 
cells were 
found 


Cases in 
which 


malignant 
cells were 
not found 


Confirmatory 
evidence 
cells were 
Cases | Cases not 
found confirmed | confirmed’ 


Percentage 


Carcinoma of breast Ir 9 I I 8 3 972.7 Ir ° 92.7 
Carcinoma of lung 28 27 I 7) 6 22 21.4 12 16 50 
Lymphoblastoma 7 7 rr) 7) 3 4 42.8 5 2 60 


Hypernephroma 


Carcinoma of rectum 


Carcinoma of testicle I I te) ° 100 I ° 100 
Carcinoma of duodenum I ° I ° I ts) 100 I ° 100 
Carcinoma of pancreas 3 2 I ° I 2 33.3 2 I 50 
Carcinoma of bladder I I ° I ts) 100 I ° 100 


Carcinoma of gall bladder 


-Carcinoma of stomach 


Carcinoma of liver 


Carcinoma of cervix 


Carcinoma of colon 


I 


Carcinoma of ovary 


8 7 


12 


Totals 


58 


I 


41 50 


45 


67 


24 


TABLE Ib.—INCIDENCE OF MALIGNANT CELLS IN PUNCTURE FLUIDS 


Clinical diagnosis 


No. of 


Type of fluid examined in cases 


Pleural 


Peritoneal 


Pericardial} 


Cases in 
which 
malignant 
cells were 
found 


Cases in 
which 
malignant 
cells were 
not found 


in which 
cells were 
found 


Confirmatory 
evidence 


Cases 
confirmed 


Cases not 
confirmed 


Pulmonary tuberculosis 


6 


I 


7 


3 


Lung abscess 


I 


I 


Tuberculous peritonitis 


5 


Pulmonary infarct 


3 


Atypical pneumonia 


2 


Portal cirrhosis 


Cardiac failure 


Unknown etiology 


Totals 


21 


29 


= 


51 


40 


The section represented in Figure 5 exhibits hy- 
perchromatic epithelial cells of various sizes arranged 
in acini. The acinar formations are irregular in de- 
sign and size. The cells are pyknotic and mitotic 
figures can be seen. In other sections not presented 


here, definite papillary growths were found. 


SUMMARY OF RESULTS 


From 1934 to 1944, 172 samples of fluid 
aspirated from 142 patients have been ex- 
amined for malignant cells. The technique 
and the diagnostic criteria discussed were used 


in all cases. Carcinoma was suspected in all 
of the 142 patients at the time the fluids were 
examined, and the study of the sediments was 
regarded as a means of establishing or con- 
firming the diagnosis. In 51 of the 142 cases, 
the diagnosis at death or discharge was not 
carcinoma. The negative diagnosis was con- 
firmed in 40 cases by autopsy or exploratory 
laparotomy. In 91 patients carcinoma of some 
form was the final diagnosis at death or dis- 


charge. 
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TABLE II.—RESULTS OF EXAMINATION OF SEROSAL SURFACES 


Cases in which 
serosal surface 
was examined 


Confirmed 


Clinical diagnosis can 


Cases in which 
serosal implants 


Cases in which 
no cells 
were found 


Cases in which 
malignant cells 
were found 


Cases in which 
no implants 


werefound | were found 


Carcinoma of breast II 


Carcinoma of lung 12 


Lymphoblastoma 


Hypernephroma 


Carcinoma of rectum 


Carcinoma of testicle 


Carcinoma of duodenum 


Carcinoma of pancreas 


Carcinoma of bladder 


Carcinoma of gal] bladder 


Carcinoma of stomach 


Carcinoma of liver 


Carcinoma of cervix 


Carcinoma of colon 


Carcinoma of ovary 


Cases of carcinoma 44 


26 22 


Reference to Table Ia will show that in the 
gi cases of suspected carcinoma, examination 
of the sediment from fluids revealed malig- 
“nant cells in 41 or 45 per cent of the cases. 
The fluids included pericardial, 1; peritoneal, 
32; and pleural fluids, 58. The highest pro- 
portional incidence of tumor cells in aspirated 
fluid was found in the cases of carcinoma of 
the gastrointestinal tract where cells were re- 
ported in 11 of 15 cases. Tumor cells were 
found in 8 of 11 cases of carcinoma of the 
breast. Although carcinoma of the ovary in- 
clines toward peritoneal implantation, in only 
53-3 per cent of the cases did the fluid contain 
neoplastic cells. Only 21.4 per cent of the 
cases of primary pulmonary carcinoma and 
16.6 per cent of the cases of primary carci- 
noma of the liver were reported as positive. 
The 1 pericardial specimen contained neo- 
plastic cells, while 43.1 per cent of the pleural 
fluids and 47 per cent of the peritoneal fluids 
revealed tumor cells. — 

Confirmatory evidence of the diagnosis of 
carcinoma was obtained either by roentgen 
examination, operation, biopsy, or autopsy in 
67 of the 91 cases. Autopsy was performed in 
28 cases, confirmatory biopsy or operation was 
obtained in 29 cases, and appropriate roentgen 
examinations confirmed the diagnosis in 10 


cases. The incidence of positive fluids in the 
group of confirmed cases of carcinoma was 
58.2 per cent, or 39 of 67 cases. All but 2 of 
the cases in which malignant cells were found 
in the fluids were included in this proved 
group. In all cases with a positive report of 
neoplastic cells, diagnosis of carcinoma was 
confirmed clinically. In none of the 51 cases 
in which carcinoma was suspected, but diag- 
nosis other than carcinoma was eventually 
made, were malignant cells wrongly reported. 

To obtain a more correct evaluation of 
pathologic examinations of puncture fluids, 
an effort was made to collect a group of cases 
of confirmed carcinoma in which direct search 
for serosal implants had been made. Forty- 
four such cases were found; in 28 autopsies 
were performed, and in 16 cases examination 
of the serosal surface was made possible by 
operative means. Table II presents the obser- 
vations in these cases. In 26 of the 44 cases, 
definite serosal implants were found. Of these 
26 cases, 22 or 84.6 per cent of the fluids con- 
tained neoplastic cells. In only 1 case in which 
a positive report was returned on the fluid 
were serosal implants not found. The fact is 
that in those cases of carcinoma with effusions 
which contained tumor cells, 95 per cent were 
proved to have serosal implants. 
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TABLE III.—RESULTS OF REPEAT EXAMINATIONS 
Reports of cells in fluid examinations 
Location of Type of fluid Confirmatory 
carcinoma examined evidence 
Ist Interval 2nd Interval 3rd 

Breast Pleural 5 days + X-ray, biopsy 
Lung Pleural + 4 days ° Autopsy 
Lung Pleural - 7 days = Not confirmed 
Lung Pleural 2 weeks 1 week Bronchoscopy 
Testicle Pleural + 4 days + Operation, x-ray 
Lung Pleural + 2 weeks + Autopsy 
Lymphoblastoma Pleural I week - Not confirmed 
Rectum Pleural, peritoneal + 3 weeks + Autopsy 
Lung Pleural = 2 weeks Not confirmed 
Stomach Pleura] - 2 weeks + X-ray 
Breast Pleural + 10 days - Biopsy 
Stomach Pleural, peritoneal + 3 weeks + X-ray 
Stomach Pleural - 1 week + X-ray 
Rectum Peritoneal — 13 days ~ 3 weeks _ Autopsy 


In 41 of the 142 patients, fluids aspirated on 
two or more occasions were examined. This 
procedure was carried out because the results 
of the first examination did not agree with the 
clinical diagnosis, or because the diagnosis 
was still uncertain. In 27 of these 41 cases, 
the final diagnosis was not carcinoma. Table 
III shows the results of re-examinations of 
fluids from the 14 cases of carcinoma. In 5 
cases, neoplastic cells were found in both orig- 
inal and repeat examinations. In 2 cases in 
which a positive report was obtained in the 
first examination, repeat reports were nega- 
tive. Of the 7 cases ia which no cells were 
found in the original studies, in 4 instances 
malignant cells proved to be present at sub- 
sequent observations. These results indicate 
that repeat examinations of puncture fluids 
are warranted and are sometimes essential to 
correct diagnosis. When carcinoma is sus- 
pected clinically, a negative original report is 
not conclusive and more fluid should be ex- 
amined if possible. 


COMMENT 


Clinicians are sometimes disappointed when 
the pathologist fails to find carcinoma cells in 
fluids obtained from patients in whom the 
diagnosis of carcinoma has been confirmed by 
roentgen or operative examinations. This is 


especially true in primary carcinoma of the 
lungs in which a low percentage of positive 
fluids was reported. From the observations 
in Table II, this low incidence can be ex- 
plained. Of 8 cases of pulmonary carcinoma 
in which studies of the pleurae were possible, 
only 3 were found to have pleural implants, 
and in all of these 3 cases the pleural fluids 
contained malignant cells. The effusions in 
cases of primary carcinoma of the lung are 
largely due to venous obstruction with transu- 
dation, or to pleural irritation and exudation 
caused by inflammatory reactions secondary 
to primary growth in the lung. Pleural im- 
plants occur in less than one-third of the cases. 

Many times abdominal and pelvic surgery 
is attempted, even in the face of positive path- 
ologic reports on abdominal fluids, in the hope 
that no peritoneal implantation has taken 
place. The results which have been discussed 
shatter this hope and the finding of cells indi- 
cates that serosal implantation has probably 
occurred, and surgery is of only palliative 
value. The prognosis is extremely poor in 
those patients in whom neoplastic cells are 
reported in puncture fluids. 


SUMMARY AND CONCLUSIONS 


In these cases of suspected carcinoma with 
effusion, the diagnosis of carcinoma was es- 
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tablished or confirmed by examination of the 
sediment in 45 per cent of the cases. 

Malignant cells were found in nearly 60 per 
cent of fluids from cases of confirmed carci- 
noma. 

A positive report of malignant cells is indic- 
ative of carcinoma, but a negative report is 
not conclusive. 

When malignant cells are found in effusion 
fluids, chances of having serosal implants are 
great (95%), prognosis poor, and operation 
is inadvisable except as a palliative measure. 

Effusions in those cases of confirmed car- 
cinoma in which no cells are found may be due 
to venous obstruction and pressure effects. 

A definite diagnosis of carcinoma should be 
based on sections containing groups of cells 


arranged in definite acinar or papillary forma- 
tion. 

Repeat examinations are essential when the 
diagnosis is still uncertain. 
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EXPERIMENTAL STUDIES IN PERIPHERAL NERVE SURGERY 


IV. The Effect of Infection on Regeneration and Functional Recovery 


LOYAL DAVIS, M.D., F.A.C.S., GEORGE PERRET, M.D., and FREDERICK HILLER, M.D., 
Chicago, Illinois 


N a previous article’ we presented a study 
of the healing of gunshot wounds involv- 
ing peripheral nerves and were able to 
show that the majority of the wounds 

which were not chemotherapeutically treated 
became grossly infected. However, the exten- 
sive changes produced within the nerve and 
the delayed recovery of function were to a 
large extent the result of the nature of the 
injury and not directly related to infection. 
In order to study the direct effect of infection 
on nerve repair and regeneration the sciatic 
nerve of 79 animals was sectioned and repaired 
under septic conditions. None of the ordinary 
aseptic precautions were observed; the shaven 
skin was not cleansed and the operation was 
performed with unwashed hands and unsterile 
instruments, silk sutures, gauze and cotton 
sponges, and skin clips. Some of the wounds 
became grossly infected and developed ab- 
scesses and phlegmons; the resulting septi- 
cemia ended in the death of 15 animals. The 
wounds of the other animals were all contam- 
inated even though no abscess formed. Bacter- 
ial cultures taken at the end of the operations 
showed a definite growth of Staphylococci albi 
and Bacilli protei. Cultures of the purulent 
material of the infected wounds revealed a pre- 
dominating amount of nonhemolytic strepto- 
cocci, Staphylococci albi, Bacilli protei, and 
spore forming gram positive aerobic rods. 
The sectioned nerve was repaired by end- 
to-end suture in 16 animals, by the trans- 
plantation of contaminated autogenous grafts 
in 32 animals and of contaminated homo- 
genous grafts in 31 animals. The infection 
which developed in these contaminated 
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wounds formed abscesses 4 to 5 days after 
nerve repair. When the abscesses were not 
drained the animals died 7 to 14 days later. 
No animals died of sepsis in the group of con- 
taminated end-to-end sutures. Following 
transplantation of contaminated autogenous 
grafts 4 of 32 animals died of sepsis and 11 of 
31 contaminated homogenous grafts died of 
sepsis. No death occurred in either of the lat- 
ter groups when sulfonamides were used 
locally in the wound at the time of nerve 
repair. 

In most instances the nerves were found 
intact, the sutures were holding and the grafts 
were intact as they crossed the abscess cav- 
ities. Skin, subcutaneous tissue, and muscles 
underwent partial liquefaction and necrosis 
long before the nerve became involved. How- 
ever, these nerves were sutured before the in- 
fection became active, the site of nerve repair 
was practically healed when the abscess 
formed, and it became necessary to perform a 
more critical experiment to study the reaction 
of a nerve suture in a previously grossly in- 
fected field. In 12 animals the bed of the ex- 
posed sciatic nerve was infected with purulent 
material obtained from the abscess of another 
animal and the nerve was then sectioned. 
Two days later the abscess which had devel- 
oped was drained, the wound débrided, the 
nerve ends trimmed, end-to-end suture per- 
formed, and the wound closed. Six of these 
animals died of the result of the sepsis before 
the nerve could be sutured, that is within 2 
days after implantation of the purulent ma- 
terial. In the other 6 animals the nerve was 
satisfactorily sutured. Of these, 3 specimens 
were removed after 14 days and the other 3 
were allowed to recover for several months. 
At the time of removal of these nerves a large 
amount of adhesions was encountered which 
immobilized the nerve at the site of the suture. 


302 


‘ 
1 
1 
a 
fe 
fe 
0 


DAVIS ET AL: 


When these adhesions were dissected away, 
the nerve was found intact and resembled any 
other nerve repaired by primary end-to-end 
suture. Cultures taken from these virulent 
abscesses showed a heavy growth of non- 
hemolytic streptococci, Staphylococci albi, 
and Bacilli protei. 

The gross appearance of the nerve and the 
suture lines was about the same 30, 45, 60, 
and 75 days after repair in end-to-end sutures, 
autogenous and homogenous grafts. It corre- 
sponded to the description given in a previous 
article? of the aseptic series. However, the 
adhesions between the suture lines, the 
grafts, and the surrounding tissues were 
slightly more extensive and denser, and the 
suture lines were more prominent. The grafts 
appeared to be thicker at the time of removal 
than at the time of transplantation and were 
slightly more voluminous than in the aseptic 
series, and this was especially noticeable in 
the homogenous grafts (Figs. 1, 2, 3). 

Microscopic studies showed, depending on 
the age of the specimen, the same character- 
istics of degeneration and regeneration as pre- 
viously described for the aseptically repaired 
nerves. The regeneration of nerve fibers, the 
formation of axis cylinders, myelinization and 
organization of the myelin decomposition 
products showed no appreciable differences 
from those findings in the aseptic group. 
However, in most of the septic animals a very 
strong epineural cellular and fibrous reaction 
was present after 30 and 45 days and persisted 
for 60 and even 75 days. This reaction pro- 
duced the appearance of a chronic perineu- 
ritis and small lymphocytic foci were often 
encountered around the silk sutures and within 
the epineurium and interfascicular perineu- 
rium. In the end-to-end suture group this 
epineural reaction extended 1 to 2 centi- 
meters proximal and distal from the suture 
line and was accompanied by a marked epi- 
neural proliferation. In the autogenous grafts 
neurotization was equally as good in the septic 
as in the aseptic grafts provided no severe in- 
fection took place. Lymphocytic foci were 
found in the suture lines, the epineurium and 
the interfascicular perineurium, but no signs 
of inflammation or infection were present 

1Surg. Gyn. Obst., 1945, 80: 35. 
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within the nerve fascicles. The chronic peri- 
neuritis did not interfere with nerve regenera- 
tion. The strong mesodermal reaction which 
took place in the epineurium produced diffuse 
adhesions between the epineurium and the 
surrounding muscles. In the presence of a 
severe infection a complete necrosis of the 
graft occasionally took place and sometimes 
a necrosis of the axis cylinders of the central 
nerve segment was also observed. Following 
necrosis of the ectodermal and the mesodermal 
tissues the original graft structure was re- 
placed by a neuromatous type of tissue, so 
that the organization and the later neurotiza- 
tion of the graft were essentially heteromor- 
phous in type. Thus, severe infection com- 
plicated the internal graft structure and inter- 
fered to a certain degree with the outgrowth 
of the regenerating nerve fibers. These, how- 
ever, ultimately reached the distal suture line 
and the distal nerve segment where they fol- 
lowed their normal isomorphous course to 
their end organs. Although the histological 
structure of aseptically transplanted homo- 
genous grafts was predominantly heteromor- 
phous, this type of organization and neuroti- 
zation was still more accentuated in the septic 
grafts. Severe infections increased the de- 
gree of necrosis of the graft and led to a more 
pronounced heteromorphous organization. 
Chronic lymphocytic foci were frequently 
found throughout the proliferated epineurium 
and perineurium even 150 days after the op- 
eration and in some cases lymphocytic infil- 
trations were also present around the capil- 
laries within the nerve fascicles. However, 
these chronic inflammatory processes did not 
interfere with neurotization. 

The reaction of the nerve, suture line, and 
the graft to infection was more clearly seen in 
the nerves which were repaired after an ab- 
scess had already formed or which crossed an 
abscess cavity. It was interesting to study the 
reaction of the nerve severed within the ab- 
scess before it was sutured. Two days after 
section the ‘nerve fascicles of the distal and 
proximal stumps were surrounded by infected 
perineurium and epineurium which contained 
numerous abscesses and were in a state of 
lively mesodermal proliferation. No attempt 
at nerve regeneration had yet taken place in 
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the proximal segment. The infected granula- 
tion tissue which had proliferated completely, 
sealed off the open endoneural tubes of the 
proximal and the distal nerve segments and 
no evidence of infection or inflammation was 
present within the nerve fascicles. Regenera- 
tion will thus be greatly delayed and impaired. 

Fourteen days after suture in the infected 
field, purulent, infected and hyperemic meso- 
dermal tissue surrounded the epineurium 
which contained scattered small hemorrhages. 
Some suture abscesses were present, but no 
inflammatory foci were seen within the nerve 
fascicles where regeneration had already taken 
place. The same picture was present 21 days 
after suture. Autogenous grafts removed 
from an abscess cavity 7 and 14 days after 
transplantation showed the same inflamma- 
tory epineural and perineural reactions to in- 
fection, but no such changes had taken place 
within the nerve fascicles. - Homogenous 
grafts removed from abscess cavities 6, 9, 17, 
and 21 days after transplantation were com- 
pletely necrotic; suture abscesses were pres- 
ent, lymphocytic and leucocytic infiltrations, 
hemorrhages and histiocytic proliferation had 
taken place in the epineurium and the peri- 
neurium. Considerable hyperemia accom- 
panied by perivascular lymphocytic infiltra- 
tions and hemorrhages were also present 
within the nerve fascicles. It was interesting 
to note that the living nerve, i.e. the proximal 
and distal nerve segments, was protected 
against inflammatory processes whereas the 
necrotic homogenous graft took part in the 
infection in spite of the mesodermal reaction. 
Thus the effect of severe infection was worse 
in homogenous than in autogenous grafts. 
Living nerve tissue is protected from infec- 
tion by its epineurium and perineurium which 
proliferate and keep the infection from enter- 
ing the nerve fascicles. 


FUNCTIONAL RECOVERY 


End-to-end sutures. There were no differ- 
ences in the sequence and the rate of recovery 
between the septic and the aseptic groups of 
animals. Motor recovery, as tested by stance, 
gait, and voluntary motion of the leg muscles, 
appeared around the 45th day after suture and 
motion in the dorsiflexors of the toes was seen 


in only one animal of each group after 60 
days. Obvious muscular contractures were 
found in one septic animal which lived 618 
days and in which all movements could be 
elicited. Muscle atrophy was present in all 
animals; its degree varied widely, but there 
were no differences between the septic and the 
aseptic groups. It was most marked 30 days 
after suture and diminished as recovery pro- 
gressed. Some signs of sensory recovery to 
pain and deep pressure in the foot were present 
in the septic as well as in the aseptic animals 
after 60 days. A heel ulcer was present in one 
of the septic animals 45 days after suture. A 
reflex fanning of the 5th toe was obtained in 
one septic animal after 60 days. Direct elec- 
trical stimulation of the nerve above and be- 
low the suture line with an alternating 60 
cycle current produced a plantar flexion of 
the foot in all animals after 45 days and a 
plantar flexion of the foot and toes and dorsi- 
flexion of the foot in all the animals after 60 
days. There were no differences in response 
between the septic and the aseptic groups. 

One aseptic and two septic animals were 
allowed to recover for 2 years. One of them 
in which the sciatic nerve was sutured within 
the field of an abscess, showed complete 
motor, sensory, and trophic recovery after 8 
months, while the other two still had a marked 
weakness of the dorsiflexors and the adductors 
of the toes when sacrificed. 

Autogenous grafts. There were no significant 
differences in the sequence and the rate of 
functional recovery between the septic and 
the aseptic groups of animals. In all the ani- 
mals of this group, as well as in those with 
homogenous grafts, the distal suture line was 
resected and resutured 45, 60, and 75 days 
after transplantation of the graft. It was 
found that in the relatively short grafts used 
in these experiments the resection of the distal 
suture line of the graft did not delay or facil- 
itate the return of function as will be shown 
in a later article. For this reason, when refer- 
ence is made to go, 120, or 150 day old grafts, 
the signs of recovery were tested 45, 60, and 
75 days after secondary suture of the distal 
suture line. 

Gait and stance began to recover with a 
lifting of the heel 90 days after transplanta- 
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Fig. 1 Fig. 2 Fig. 3 


Fig. 1. Septic end-to-end suture 45 days after operation, showing delicate adhesions 


about the suture line. 


Fig. 2. Septic autogenous graft 60 days after transplantation. Thin adhesions are 
present around the graft and the distal suture line. 

Fig. 3. Septic homogenous graft 60 days after transplantation showing a large 
amount of dense and tough adhesions around the entire graft and both suture lines. 
The adhesions were difficult to dissect away and both suture lines were enlarged. 


tion of the graft, and after 120 days some ani- 
mals stepped on the plantar surface of the toes 
while others still continued to step on the dor- 
sal surface of the toes when walking. Recov- 
ery of toe drop was, however, more marked 
after 150 days. Obvious muscular contrac- 
tures were seen in 3 animals with autogenous 
grafts, 2 of them after septic operations. One 
was present 135 days and the other 165 days 
after transplantation; they involved in both 
instances the extensor digitorum longus. One 
of them had a large persistent trophic ulcer 
of the heel which was present 60 days after 
transplantation. Heel ulcers were present in 
the 4 septic and 1 aseptic autogenous grafts, 
and 3 of them occurred after secondary resec- 
tion and resuture of the distal suture line of 
the graft. Muscle atrophy was present in all 
animals, varying widely in range and dimin- 
ishing in the older grafts. There were no 
differences between the septic and aseptic 
groups. 

Beginning sensory recovery was found on 
the lateral aspect of the foot in septic as well 


as in aseptic animals 120 days after trans- 
plantation of the graft; this applies also to re- 
sponse to pressure of the toe pads. No fanning 
or step reflexes could be elicited in this group 
of animals even 165 days after grafting of 
the nerve. 

Direct electrical stimulation of the nerve 


above, on, and below the graft produced 


plantar flexion of the foot in 80 per cent, dorsi- 
flexion of the foot in 100 per cent, and plantar 
flexion of the toes in 40 per cent of the ani- 
mals 9o days after transplantation of the 
graft. After 120 days, plantar flexion of the 
foot and toes was present in 100 per cent, 
dorsiflexion of the foot in 50 per cent, and 
fanning of the toes in 25 per cent of the ani- 
mals, and after 150 days plantar flexion of the 
foot was present in 80 per cent, plantar flexion 
of the toes in 40 per cent, dorsiflexion of the 
foot in 80 per cent, dorsiflexion of the toes in 
60 per cent, and fanning of the toes in 20 per 
cent of the septic animals. The average score 
of the total response to electrical stimulation 
was about the same in septic as in aseptic ani- 
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Fig. 4. Severed end of the central segment of the 
sciatic nerve 2 days after section within an abscess cavity. 
Degenerated nerve is present showing signs of trauma and 
beginning cell proliferation. The cut endoneural tubes are 
sealed off by proliferated infected mesodermal tissue which 
grew from the perineurium into the gap existing between 
the central and distal nerve ends. The infection did not 
penetrate into the nerve fascicle. (Bodian-fuchsin stain 
X 100.) 


mals; after go days 44 per cent for the septic 
and 45 per cent for the aseptic, after 120 days 
55 per cent and 57 per cent and after 150 days 
56 per cent and 64 per cent, respectively. 
Homogenous grafts. More differences be- 
tween the aseptic and the septic series were 
present in this group of animals than in the 
autogenous grafts and the end-to-end sutures. 


- 
Fig. 6. Cross section of an infected nerve 14 days after 
suture showing an abscess within the epineurium near an 
intact nerve fascicle which is surrounded by intact peri- 
neurium. The nerve fascicle is not disturbed by the pres- 
ence of the surrounding infection. (Bodian-fuchsin stain 
X 110.) 


Fig. 5. Regenerating nerve fibers crossing the suture line 

14 days after suture in a grossly infected field. They follow 

the path of outgrowing fibroblasts and collagenous fibers. 

A suture abscess is present below the thickened perineu- 

rium at the bottom of the photomicrograph. (Bodian- 
fuchsin stain X 300.) 


This may be due to the more extensive 
necrosis and greater vulnerability of the homo- 
genous graft in the presence of infection and 
the resulting more complicated pattern of 
organization and regeneration. No recovery 
in stance and gait were observed in the first 75 
days after transplantation of the graft. Lift- 
ing of the heel when standing began to recover 
after 90 days. After 120 days only 25 per 
cent of the animals showed some recovery as 


Fig. 7. Septic autogenous graft 45 days after transplan- 
tation showing numerous regenerated nerve fibers and a 
large amount of myelin decomposition products between 
them." There is a marked proliferation of the perineurium 
but no signs of infection within the nerve fascicle. (Bodian- 
fuchsin stain X 105.) 
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Fig. 8. Septic homogenous graft removed from an ab- 
scess cavity 21 days after transplantation. The nerve 
fascicle is filled with myelin decomposition products, 
hemorrhages, and perivascular lymphocytic infiltrations. 
A moderate number of regenerating nerve fibers is also 
present. The endoneurium is hyperplastic and the inter- 
fascicular perineurium is infected and contains numerous 
hemorrhages and foci of lymphocytes. (Bodian-fuchsin 
stain X 95.) 
compared to 80 per cent in the aseptic series 
and after 150 days the heel drop was recover- 
ing in 50 per cent of the septic and 100 per 
cent of the aseptic animals. Toe drop or 
walking on the dorsal surface of the toes was 
present in all animals after 150 days. 

Infection had no influence on the develop- 
ment of muscular contractures. Of the 6 cases 
with obvious contractures, 2 belonged to the 
septic and 4 to the aseptic series. They were 
present 120 days after transplantation of the 
graft and involved mostly the extensor digi- 
torum longus. Infection had no influence on 
the development of heel ulcers, neither was 
the formation of heel ulcers associated with 
muscular contractures or an increased amount 
of adhesions around the nerve. Heel ulcers 
occurred in 3 of 17 animals examined. Muscle 
atrophy was present in all animals and there 
was no difference between the septic and 
aseptic groups. After go days the gastroc- 
nemius-soleus muscle group had lost 70 per 
cent to 80 per cent of its weight; after 120 
days this loss of weight varied between 50 per 
cent and 62 per cent and after 150 days it 
decreased to about 40 per cent. 

No critical recovery of pain sensation was 
found after 150 days in either the septic or 
aseptic group. In 2 year old experiments 
complete return of sensation was found in 


Percentage of total electrical response 
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Chart 1. Percentage of total electrical response for all 
animals in septic and aseptic autogenous and homogenous 
grafts. 


both groups. Step reflex of the foot and fan- 
ning reflex of the toes were late signs of recov- 
ery. They were not seen in homogenous 
grafts after 150 days, but were present 2 
years after implantation of the graft in both 
groups. 

There was no response to direct electrical 
stimulation of the nerve or the graft during 
the first 75 days after transplantation. After 
go days plantar flexion of the foot was ob- 
tained in 75 per cent, dorsiflexion of the foot 
in 25 per cent and plantar flexion of the toes 
in 50 per cent of the septic animals. After 120 
days plantar flexion of the foot and toes and 
dorsiflexion of the foot was present in 100 per 
cent and dorsiflexion of the toes in 25 per cent 
of the animals. After 150 days this percentage 
dropped to 65 per cent for plantar flexion of 
the foot and toes, and dorsiflexion of the toes 
and to 35 per cent for dorsiflexion of the foot. 

The accompanying chart shows in percentage 
the average score of total electrical response for 
all the animals in the septic and aseptic auto- 
genous and homogenous grafts. The discrep- 
ancy between the percentage curve of the 
septic and aseptic homogenous grafts may be 
related to the severity of the infection in in- 
dividual cases and the relatively small num- 
ber of animals with septic homogenous grafts 
that were studied. 


SUMMARY 


Infection at the site of repair of a severed 
peripheral nerve increases the amount of ad- 
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hesions between the suture line, the graft, 
and the surrounding tissues. It activates the 
mesodermal proliferation of the epineurium 
and the perineurium and produces acute in- 
flammatory reactions within these tissues 
comparable to an acute and, later, to a chronic 
perineuritis. The perineurium and the epi- 
neurium act as a barrier to infection and in- 
flammation and at no time does the infectious 
process penetrate the nerve fascicles. 

A peripheral nerve is more resistant to in- 
fection than are muscle, tendon, fat, or fascia. 
It may be found intact within an abscess 
cavity even after repair by end-to-end suture 
or the transplantation of a graft. A peri- 
pheral nerve injury can be débrided and pri- 
marily repaired within a grossly infected field 
without disturbing or delaying to any extent 
nerve regeneration and functional recovery. 

Infection does not influence to any extent 
nerve regeneration, the formation of axis 
cylinders, myelinization, or the organization 
of myelin decomposition products. However, 
if infected and proliferated mesodermal fibers 
seal off the open endoneural tubes of the di- 
vided nerve segments, regeneration can never 
take place. 

Autogenous grafts show an equally good 
neurotization following transplantation in a 
septic field and under septic conditions pro- 
vided too severe an infection does not take 
place. In the presence of a severe infection 
necrosis is increased within the graft and com- 


plicates its structure, giving rise to a pre- 
dominantly heteromorphous organization and 
neurotization. 

Homogenous grafts are more susceptible to 
infection. In the presence of severe infection 
complete necrosis of the graft takes place re- 
sulting in a complicated mesodermal organiza- 
tion of the graft which interferes to a certain 
degree with the outgrowth of the regenerating 
nerve fibers. 

There are no essential differences in the se- 
quence, the rate and the extent of functional 
recovery between nerves repaired in a septic 
field and nerves repaired under aseptic condi- 
tions. Motor, sensory and trophic recovery 
and response to direct electrical stimulation 
of the repaired nerve are as good following 
end-to-end suture performed in a septic field 
as in an aseptic field. 

There are no essential differences in recov- 
ery of function in autogenous grafts trans- 
planted under septic or aseptic conditions. 
Return of function is delayed and inconstant, 
however, in the case of septic homogenous 
grafts depending upon the severity of the in- 
fection. 

The local use of sulfonamides in infected 
wounds helps to control infection and permits 
primary repair of an injured peripheral nerve. 
For practical purposes a peripheral nerve in- 
jury should be repaired as early as possible in 
spite of varying degrees of potential infection 
in the wound. 
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INFECTED PILONIDAL SINUS 


L. SWISS DAVIES, M.B., B.S., Captain, A.A.M.C., and 
KENNETH W. STARR, O.B.E., F.R.C.S (Eng.), F.A.C.S., Lieutenant-Colonel, A.A.M.C., 


Newcastle, Australia 


HE happy experiences of some au- 

thors in the management of pilonidal 

sinus have not been shared by us, and 

the high incidence of the condition 
among service personnel has served to empha- 
size the ignorance which pervades our knowl- 
edge of the etiology, pathology, and treat- 
ment. Dissatisfaction with excision and direct 
suture or primary grafting prompted us to 
review our methods. 

We were impressed with the frequency with 
which midline sacrococcygeal (natal) dimples 
were encountered in young adults in the serv- 
ices and considered that embryological factors 
were of some importance. In one such patient, 
suffering from a large infected pilonidal sinus, 
seven midline dimples were present below the 
sinus itself in the natal cleft (Fig. 1). 

Kooistra has emphasized the irregularity of 
the surface epithelium of the skin of the natal 
cleft in the embryo, and our observations have 
confirmed this (Figs. 2, 2a). The caudal mid- 
line zone is demarcated in some embryos by 
lateral clefts and becomes progressively dis- 
tinct as the mesenchyme of the gluteal muscle 
masses differentiates on each side. This zone 
retains its distinctive anatomy in the adult. 

The skin of the natal cleft is thin and con- 
trasts with the thicker texture of the skin of 
the buttock proper, and in many individuals 
manifests one or more dimples, which in our 
opinion are embryonic relicts. The larger 
dimples (Figs. 4, 4a, 4b) may contain hair 
follicles, but their high content of desqua- 
mated keratin and inflammatory cells leads 
us to regard them as potential pilonidal si- 
nuses. Under the vigorous and unhygienic 
conditions of service as opposed to civilian 
life, it is conceivable that the factors of kera- 
tin retention and infection may add to those 
influences which precipitate the growth of the 


From a Facio-Maxillary and Plastic Unit attached to an Aus- 
tralian Military Hospital. 


dimple into a sinus. In several of our cases 
hair follicles have been found in secondary 
tracks, and in one case (Fig. 5) were demon- 
strated at least 3 inches from the midline in 
the right buttock. With this embryonic back- 
ground, pilonidal sinuses may be regarded as 
tubulodermoids. 

The natal cleft is maintained because the 
thin midline skin is attached to the underly- 
ing ligamentous and aponeurotic fibers on the 
dorsum of the sacrum and coccyx by a dense, 
well defined and highly collagenous fascia 
(Figs. 3, 3a). Into this fascia of the natal cleft 
the sinus grows, and the dissection of the sinus 
may be so performed as to demonstrate the 
walls and floor of a fascia lined cavity in the 
natal cleft (Figs. 6, 6a). 

Caudally, this fascia is continuous with a 
dense mass at the tip of the coccyx where the 
natal cleft enters the anal zone. Laterally, 
each layer of the natal cleft fascia is continu- 
ous with the superficial fascia of the buttock 
and its fibrous septa. This buttock fascia is 
the most dense and least resilient in the body, 
and the fibrous septa which invade the fat are 
attached deeply to the gluteal aponeurosis 
covering the muscles. 

Proximally, the fascia widens at the level of 
the posterior superior iliac spines to join the 
superficial fascia of the flank. At operation, in 
those cases in which the sinus has grown up- 
ward and to the left (a common method of 
spread), the right layer hugged the midline 
while the left deviated at a lower level toward 
the posterior spine. We are of the opinion 
that the spread of the sinus is governed by the 
local arrangement of the fascia of the natal 
cleft (Fig. 7). We have removed one large 
pilonidal sinus, the tracks of which reached 
the third lumbar spine in each flank. In one 
recurrent sinus, the track had perforated this 
fascial mass, passed around, and was adherent 
to the coccyx and terminated by perforating 
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o These arteries lie lateral to the fascia of the 
i natal cleft which must be divided to expose s 
ag | the vessels. It is our experience that apart t 
from these vessels no strictly midline blood Pp 
i vessels exist, and this in our opinion must be b 
& reckoned as an important factor in the rate of Cc 
_ healing of operative wounds in this area. : 
If the removal of the sinus has been care- i 
fully performed, the fascia lined cavity re- a 
mains. There can be no question that healing n 
by first intention should be aimed at, because 
the consequent reduction in healing time and b 
ee diminution of the recurrence rate are very nec- SI 
essary if the results of treatment are to be P 
improved. p 
- If the residual cavity is small, direct closure q 
: in layers is possible provided that: rn 
4 GS x. / 1. It is realized that the subcutaneous cl 
Fig. 1. The natal dimples are visible below while the wound is larger than the skin defect, so that x 
infected pilonidal sinus has spread above and to the left overhanging skin edges are the rule. The clo- ta 
Se e- sure of the subcutaneous defect is as impor- 
the fascia propria of the rectum. In this case tant as the skin. The latter suffers some im- sk 
the coccyx was removed to ensure complete pairment of its nutrition at the wound edges ol 
extirpation of the sinus. when its subcutaneous supports have been cl 
Secondary tracks may also pass laterally removed (Fig. 11). be 
into either buttock. Our observations sug- 2. It is recognized that the blood supply of SU 
gest that these tracks perforate the fascia in the midline natal cleft is poor when compared su 
association with the tiny blood vessels passing to that of the buttock. m 
medialward into the natal cleft from the poste- 3. The rigidity of the buttock is appreci- 
rior perforating arteries which emerge from ated. The dense fascia of the buttock proper 
the posterior sacral foramina (Figs. 9, 10). and its fixation by the natal cleft fascia mili- 
tate against the use of the buttock fat to close 
the subcutaneous dead space. 
OM, 
Fig. 2. The medullary canal and overlying ectodermina anlage. X54. a, right, Natal cleft area of a human embryo ad 
4 millimeter human embryo (crown heel length). Note irreg- (25 mm.), marked by arrow. Note demarcation of zone by = 


ularity of natal epithelium. Arrow points to medullary _ bilateral clefts and dimple on raised natal area. X12. 
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4. Tension does not exist when the skin and 
subcutaneous surfaces of the wound are drawn 
together to close the defect. It should be ap- 
preciated that tension of a degree which would 
be permissible in wounds in other sites is ex- 
cessive in the natal cleft. 

5. The poor vitality of the operative area 
impresses the surgeon with the necessity of 
avoiding unnecessary trauma, hematoma for- 
mation, and infection. 

These criteria, in our opinion, are not met 
by current methods of dealing with even small 
sinuses, and with increasing experience we are 
prone to err on the side of caution and to em- 
ploy more radical measures to effect closure in 
quite small defects. Any tension, in our expe- 
rience, results in necrosis of the wound edges, 
cutaneous and subcutaneous, which in this 
zone are particularly prone to infection and 
tardy repair. 

It is imperative, too, that the natal cleft 
should be restored, as patients object strenu- 
ously to any method which obliterates the 
cleft because of consequent discomfort in 
bending and sitting. Further, if primary clo- 
sure is to be achieved in all cases except those 
suffering from frank abscesses or cellulitis, the 
method must be applicable irrespective of the 


size of the sinus and its secondary tracks, and 
even when the sinus is discharging frank pus. 

The method favored by us is based on the 
Estlander flap, well known to all plastic sur- 
geons, and we have now had the opportunity 
of employing the method in 24 cases of large 
infected pilonidal sinus. 

In the mistaken idea that the gram nega- 
tive group of organisms was mainly respon- 
sible for the failure to heal, we employed acrid- 
ine antiseptics in powder form to 3 of our early 
cases. None of these cases healed by first 
intention and the sinus recurred in all, requir- 
ing secondary operation. In the remaining 
21 cases, primary healing within 3 weeks was 
secured in 18, and with 2 exceptions all 
cases were healed by the 26th day (Table I). 
Two patients suffered infection of a hematoma 
under the flap, but this did not prolong their 
hospital stay beyond 29 days. The healing is 
firm and mobile, and no evidence of potential 
sinus exists subsequently. 

The problems encountered by us may be 
seen in Table I. In our opinion the most fre- 
quent causes of difficulties due to postopera- 
tive infection may be traced to streptococcal 
rather than to gram negative organisms, al- 
though the latter rapidly appear in the cul- 


Fig. 3. Transverse section of the natal cleft area of an 
adult male. The epithelial irregularity is quite marked. 
The fibers of the natal fascia are visibleat F. 14. a, right, 
The natal cleft is visible in this transverse section. The 


section is stained by Van Geison’s method to show the col- 
lagen fibers. The loose fibers in the central area are in 
contrast with the dense fascia shown on each side of the 
cleft at F. X14. 
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tures from the open sinuses. Therefore, in 
subsequent cases we employed sulfanilamide 
powder or penicillin as a prophylactic against 
sepsis. 

The method is as follows: 

Spinal anesthesia is employed. 

The sinus and its secondary tracks are often 
palpable. The area of skin to be excised is 
next demarcated with methyl violet ink (Fig. 
14) and the incision first made on one side. 
In the subcutaneous zone the fascia is sought 
and the dissection is contained within the 
fascial cavity unless secondary tracks are pres- 
ent. A bloodless field is aimed at and a sponge 
is employed in the left hand and used as a 


Fig. 4. Natal cleft dimple in an adult male. Note the 
epithelial irregularity, keratin retention, and small round 
celled infiltration at X and Y. X14. a, Epithelial irregu- 
larity at the orifice of a natal cleft dimple in an adult male. 
X10. b, The natal cleft zone in an adult male. The dim- 
ple at the right of the picture is associated with two hair 
follicles. Note the keratin retention. 14. 


retractor under the finger tips. This enables 
ready identification of the fascia. All second- 
ary tracks are carefully sought and removed. 
It is preferable to retain the fascia covering 
the sacral ligaments, if this is possible but it 
is not essential. 

In the majority of instances the fascia will 
be incomplete if the sinus is large and one or 
more of the perforating vessels will be clamped 
as they lie outside the fascia. These vessels 
are ligated with fine catgut (No. c000). The 
cavity as a rule presents overhanging edges, 
and if the skin be drawn together the under- 
lying dead space is obvious upon inspection. 

Only when the subcutaneous fat lies against 
its fellow on the opposite side without any ten- 
sion whatsoever is primary closure by direct 
suture permissible. If any tension exists, it is 
imperative that the fascia must be divided 
and fresh tissue brought in from the buttock 
to close the subcutaneous defect. 

The principles of the Estlander type of flap 
were imparted to us by Sir Harold Gillies 
whose clarity of thought and imagination in 
plastic problems are world renowned. 
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Fig. 5. Hair follicles from the growing tip of a secondary 


track of a pilonidal sinus extending 3 inches into the right 
buttock. 
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Fig. 7. Diagram to illustrate the fashion in which the 
natal cleft fascia bifurcates above the left layer, deviating 
more rapidly than the right as a rule. 


The buttock is a favorable site for the de- 
sign and rotation of a plastic flap because no 
secondary defect has been left in any of our 
cases despite large primary defects following 
the operation. 

Briefly, the flap should be designed to rotate 
into the defect at its widest point. In 1 case 
we employed two flaps. The flap should be at 
least 3, and preferably 4, times as wide as the 
defect. The outer angle is re-entrant to pro- 
vide rotation and a ready closure of the sec- 
ondary defect (Fig. 14, 14a). The base upon 
which the flap rotates should be at least half 
the free border. The skin and fat are elevated 
from the underlying gluteal aponeurosis. Par- 


Fig. 6a. 


Fig. 6. The fascial strands of the fascia of the natal cleft 
are readily seen as this pilonidal sinus is being excised. 
a, The fascial walls of the natal cleft zone as seen after ex- 
cision of the pilonidal sinus. (Photograph retouched). 
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BUTTOCA 


FASCIA of NATAL CLEFT 
DIVIDED, and ARTERIES 
TIED OFF, 


COCCYGEAL Tip } 
and FIBROUS 


PENETRATING ARTERIES 
UNDER NATAL CLEFT FASCIA 


Fig. 11. 


Fig. 11a. 

Fig. 8. Drawing of usual operative picture after excision 
of a pilonidal sinus. Note the relation of the vessels to the 
natal cleft fascia. 

Fig. 9. The vessels of the natal cleft zone are the poste- 
rior perforating sacral vessels from the sacral foramina. 

Fig. 10. Note the position of the hemostats. The vessels 
at operation are encountered lateral to the midline. The 
large cavity is due to the fact that the flap has been raised. 

Fig. 11. The skin wound is smaller than the subcutane- 
ous wound, as is shown in this operation photograph. 

Fig. 11a, The operative defect and flap in a recurrent 
pilonidal] sinus in which removal of the coccyx and of a por- 
tion of the fascia propria of the rectum was necessary. 
This cavity is visible below and on the left. Note how the 
fat of the rotated gluteal flap lies in the natal defect with- 
out tension. 


ticular care is necessary to ensure the complete 
division of the natal cleft fascia along the 
medial border of the flap right down to its lower 
angle at the tip of the coccyx, otherwise the 
object of the operation will be defeated and 
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Fig. 12. The area of skin excision is first marked out 
carefully with gentian violet ink. 
Fig. 13. The field is kept free of blood by employing a 


dead space will result in the coccygeal zone 
because the gluteal fat cannot enter the defect. 
This operation is a plastic operation. The 
handling of the flap with ordinary surgical 
instruments is to be avoided and fine hooks or 
guy sutures alone should be employed. 
Hemostasis must be perfect and only very 
fine plain catgut is permissible (No. c000) as 
a ligature material. Four or five mattress su- 


PRIMARY 
DEFECT 


FLAP OVERLAPS UPPER 
BORDER of wouno. 


\ 


Tig. 14¢. 


Fig. 13. 


sponge under the finger tips. This also provides retraction. 
Fig. 14. Operative defect, hemostats in situ on vessels, 
and outline of proposed flap drawn in gentian violet ink. 


tures of fine silk pass through the skin and fat 
of one side about 1% inch from the skin edge, 
pick up the sacral ligaments and emerge 
through the fat and skin of the flap (Fig. 16). 

It is important to ensure that the suture 
when tied will draw a quantity of the fat of 
the flap into the dead space. These sutures 
are placed and left long but not tied, as they 
are subsequently employed to fix an anchor 


Fig. 14b. 
Le 
Fig. 14d. 


Fig. 14, ad, explain the principles of the Estlander rotation flap. a, Primary defect 
and direction of rotation; b, small secondary defect, direct suture; c, large secondary 
defect, closure by Z plastic; d, completed Z plastic. 
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TABLE I.—SUMMARY OF 25 CASES 


4 Posted leh Complications 
Jegree of sprea reoperative eriod in hospita 
of sinus* period postoperative Follow up 
Under flap Under natal wound 
Acutely inflamed Foments 5 21 days Nil Nil Remained healed 
sinus, 2d degree days 
2d, discharging Nil 18 days Small hematoma Nil Remained healed 
under flap : 
2d, discharging Nil 24 days Small] hematoma Nil Remained healed 
under flap 
2d, Nil 14 days Nil Nil Remained healed 
2d, discharging Nil 17 days Large hematoma Nil Remained healed 
under flap 
2d, discharging 55 days Nil Unhealed at 18th 
Secondary suture’on 21st day. day—resuture 
Acridine inserted at primary 
operation 
2d, discharging Nil Secondary operation required for Nil Unhealed after Still under treatment 
recurrence on 110th day. 110 days 
Acridine inserted at primary 
operation 
2d, discharging Nil Secondary suture required on Nil Secondary suture Remained healed 
roth day. Acridine inserted at on 10th day 
primary operation 
2d, discharging 21 days Nil Nil Remained healed. 
Tender at third 
month on pressure 
2d, recurrent Unhealed pri- | Still under treatment at 56th Nil Not completely 
mary exci- day healed at 56th 
sion. Wound day 
infected with 
streptococci- 
transferred to 
our unit on 
20th day. 
Preparation 
with local 
penicillin for 
7 days 
2d, discharging Nil 19 days Nil Nil ?—AWOL 
2d, discharging Nil 23 days Nil Nil Remained healed 
2d, discharging Nil 29 days Infected hematoma Nil Remained healed 
(streptococci) 
requiring local 
penicillin 
2d, discharging Nil 20 days Nil Nil Remained healed 
2d, discharging Nil 26 days Small hematoma Nil Remained healed 
under flap 
3d, discharging Nil 26 days Nil Nil Very large defect 
closed and healed 
by first intention. 
Slight loss of natal 
cleft—required 
reclassification as 
soldier 
2d Nil 25 days Nil Nil Remained healed 
2d, discharging Nil Still under treatment at 26th Nil Unhealed area Unhealed at 26th day 
day infected with _ 
staphylococci in 
center of wound 
required local 
penicillin 
2d Nil 
3d, discharging Nil 24 days Nil Nil | Still under 
observation 
Ist Nil 18 days Nil Nil Hemorrhoidectomy 
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TABLE I.—SUMMARY OF 25 CASES—Continued 
Complications 
Case Degree of spread Preoperative Period in hospital ae Tilloe a 
No. of sinus peri postoperative » 
Under flap Under natal wound 
22 | 2d, discharging 17 days Small hematoma Small superficial Still under treat- 
Recurrent after one Still under treatment under flap area unhealed in ment 
previous operation midline wound 
% inch long 
23 «| 2d, discharging Nil 21 days Nil Nil Healed on discharge 
from hospital 
24 | 3d, discharging Nil 21 days Still under treat- Still under treat- | Still under treat- 
Attached to Rectal ment ment ment 
Wall. Recurrent 
after 3 previous 
operations 
25 | Trophic ulcer of Previous sur- 21 days Nil Nil Firmly healed 
natal cleft follow- gical excision 
ing gunshot wound and all forms 
of cauda equina of conserva- 
2 years before tive treat- 
ment tried 


*Grade 1, pilonidal sinus confined to natal cleft. 


Grade 2, pilonidal sinus spreading above or laterally from natal cleft. 


Grade 3, pilonidal sinus spreading to Jumbar, or ischiorectal regions. 


dressing. One to two grams of sulfanilamide 
powder are dusted into the wound. 

A second series of similar mattress sutures 
lying between the first series are inserted but 
pick up each skin edge and are tied as inserted. 
We stress this precaution because accurate 
apposition of the cutaneous edges is very im- 
portant (Figs. 17, 18). It is essential to see 
that the dead space is closed at the tip of the 
coccyx as this point may be overlooked. These 
sutures are continued along the upper border 
of the flap to close the buttock wound. 

At the re-entrant angle of the flap, 2 cubic 
centimeters of plasma (group o) and 2 cubic 
centimeters of thrombin topical are separately 
inserted. On occasions we have mixed 10,000 
to 15,000 units of penicillin with the plasma. 
The flap is lightly compressed to ensure spread- 
ing of the solutions, and held for 1 minute 
until the fibrin forms. An assistant now main- 
tains pressure on the flap until the secondary 
defect is closed. With small flaps, direct 
suture suffices (Fig. 18). The delicate fibrin 
fixation of the flap should not at this stage be 
disturbed by rough suturing or other manipu- 
lation. Hemostasis has thus been most satis- 
factorily effected in our cases—an important 
prophylactic against hematoma formation un- 
der the flap, which has been our most frequent 
complication of this method. 

With large flaps, the secondary defect is 
more extensive and requires a Z plastic (Figs. 


18, 19). Where the rotating re-entrant angle 
overlaps the upper border of the wound a Z 
flap is cut, the angle being let into the upper 
border, and the relaxation of the upper edge 
now permits closure of the wound (Fig. 14). 

The anchor dressing is tied in place and no 
further wound dressing is employed. A super- 
ficial pad is fixed in place with elastoplast. 
The patient is permitted to lie on his back if 
he so desires. The bowels are opened as soon 
as the patient begins to experience any ab- 
dominal discomfort. The anchor dressing is 
removed on the twelfth day and the patient 
is kept in bed for 21 days. A careful watch 


Fig. 15. The fascial mass at the coccygeal end of the 
wound is lifted on a Gillies’ hook before being divided. 


— 
— 
| 
i 
| 
sure 
d 
d 
omy 


Fig. 16. Estlander rotation flap designed, raised and in 
process of suture in its new bed. Note the secondary defect. 

Fig. 17. The midline wound has been covered with an 
anchor dressing and the flap wound is in process of closure. 

Fig. 18. Closure of secondary defect by a Z plastic 
operation. 


Fig. 202. 


Fig. 19. Z plastic operation completed. ’ 
Fig. 20. Indolent trophic ulcer of natal cleft following 


gunshot wound of cauda equina at Alamein 2 years previ- 
ously. 

Fig. 20 a, Closure by rotation flap. Healing by primary 
intention. 
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must be maintained for the occurrence of a 
hematoma under the buttock flap. Should 
this occur and be overlooked, infection may 
supervene. The natal cleft has healed by first 
intention in 18 of our last 21 cases and re- 
mained healed. Hematoma occurred under 
the buttock flap in 6 cases, but not in any case 
in which fibrin fixation was employed. In 2 
vases the hematoma became infected and 
drained streptococcal pus for 10 days, but was 
-eadily controlled with local penicillin therapy. 

The method was employed recently to close 
« trophic infected sacrococcygeal ulcer of 2 


years’ duration resulting from a gunshot 


wound of the cauda equina with anesthesia of 
the third, fourth, and fifth sacral segments. 
Local penicillin therapy was used prophylacti- 
cally for 14 days. Healing occurred by first 
intention. 

The resiliency and firmness of the flap at 
the third month have been striking in those 
cases which have been followed up for that 
period. Some patients complain of tenderness 
of the flap for a few weeks, but the majority 
state that no symptoms exist. 

The method is presented in the hope that 
those having access to a large number of cases 
will afford it a fair trial. As with all plastic 
procedures a careful and meticulous technique 
pays large dividends. 


SUMMARY 


1. The irregularity of the embryonic epithe- 
lium of the natal cleft and the persistence of 
natal dimples in young adults supports the 
theory that pilonidal sinuses are tubuloder- 
moids of the natal cleft. 
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2. The very high incidence among service 
personnel suggests that the vigorous and un- 
hygienic conditions of service life may be im- 
portant contributory factors. 

3. The growth of the sinus into the fascia of 
the natal cleft is described. The anatomical 
disposition of this fascia governs the primary 
spread of the sinus. 

4. The natal cleft possesses a poor blood 
supply derived mainly from small medial 
twigs of the posterior perforating arteries from 
the sacral foramina. Secondary tracks of the 
sinus may enter the buttock along these twigs. 

5. In all except the smallest operative de- 
fects, closure by direct suture is inadvisable 
because the rigidity of the buttock fascia pre- 
vents free approximation in the subcutaneous 
wound. 

6. A method is described which has a wide 
application, avoids tension, introduces a new 
blood supply, and permits restoration of the 
natal cleft. The pitfalls of the method are 
emphasized. 

7. The difficulties and travail experienced 
in 24 cases of large infected pilonidal sinuses 
treated by this method are epitomized. 

Note.—Before leaving Australia, opportunity was af- 
forded of following the reported cases for 6 to 9 months. 
At that time the result shown was unchanged. In the 
tropics 6 patients were operated upon and all healed by 
first intention and were returned to full duty thus: within 
1 month, 4; 5 weeks, 1; and 1 in 10 weeks—this a soldier 


with a very large sinus extending to 3rd lumbar and com- 
plicated in convalescence by accute appendicitis. 
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LACERATIONS OF THE PERINEUM AND THEIR REPAIR 


A Study Based on 2328 Personal Cases ‘ 
LOUIS E. PHANEUF, M.D., Sc.D., F.A.C.S., Boston, Massachusetts 


ACERATION of the perineum is one of 

the commonest lesions in gynecology. 

With the exception of the few cases 

which may be due to external trauma, 

this disorder is the result of childbirth and occurs 

during the passage of the fetal ovoid through the 

vagina and the vaginal outlet. The repair of the 

damaged birth canal has led to a voluminous liter- 

ature and to the proposal of many operative pro- 
cedures, some of which are ill advised. 

Lacerations of the perineum are divided into re- 
cent lacerations or tears seen at the time of child- 
birth, and old or remote lacerations in which 
healing has been left to nature and scar tissue has 
formed between the edges of the torn structures. 
Those of the first group, also known as obstetrical 
lacerations of the perineum, are divided into three 
degrees. In the first degree, only the mucosa of 
the vagina is involved and the perineal muscles 
escape; in the second degree, the vaginal mucosa 
and perineal muscles are involved; in the third de- 
gree, the vaginal mucosa, the perineal muscles, 
the sphincter ani muscle, and, not infrequently, 
the rectovaginal septum are included in the proc- 
ess. Lacerations of the second group comprise 
the so called gynecologic lacerations. They are re- 
ferred to as incomplete when the tear extends 
through the perineal body but not through the 
sphincter ani muscle and rectovaginal septum, 
and as complete when the two last mentioned 
structures are damaged. 

The gynecologist and surgeon also have to deal 
with still another form of injury to the pelvic 
floor; namely, the relaxed vaginal outlet in which 
there was no apparent external tear at the time of 
childbirth but separation of the muscular and fas- 
cial structures existed under the intact mucosa 
and skin. This disorder is usually accompanied by 
protrusion of the rectum between the separated 
supporting planes. This protrusion is referred to 
as a rectocele and varies in extent with the loss of 
support. 

Repair of the lacerated perineum or damaged 
pelvic floor may be classified as immediate, inter- 
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mediate, and late repair or perineorrhaphy. Pri 
mary repair is carried out at the time of childbirt) 
and should be done whenever the surrounding: 
are suitable. Injuries to the pelvic floor are gener. 
ally sutured in hospital deliveries. The curren: 
practice of episiotomy or incision of the perineum. 
extensively employed during the last two decades 
has prevented the jagged and multiple laceration- 
which were encountered before this simple meas. 
ure was adopted. A straight incision placed by the 
obstetrician where he wants it to be is simpler to 
suture than an irregular tear, and the result ob 
tained is far superior to that of the irregular tear 
which may occur when conditions are left to 
nature. 

Improvement in the repair of recent injuries to 
the pelvic floor has come through the improve- 
ment of surgery in general and by the use of fine 
suture material. Nowadays a strand of No. o 
chromic catgut is found to be adequate in such re- 
pairs where formerly a strand of No. 2 chromic 
catgut was used. The involved planes of the pelvic 
floor are approximated in layers, the keynote be- 
ing accurate approximation without tension. The 
mass approximation of all structures with large 
nonabsorbable through-and-through sutures which 
leads to a firm, resistant, frequently painful and 
thick perineal body, is not practiced by well 
trained operators. When such a method has been 
employed, it is not unusual to find painful ridges 
or scars across the skin as the result of sutures too 
tightly tied. Opinion is divided as to the proper 
method of closing the skin in an episiotomy or re- 
cent repair of the perineum. There are those who 
advocate the use of fine catgut, in the form of a 
subcuticular stitch, a continuous suture, loosely 
set, or interrupted sutures; and those who believe 
that interrupted sutures of fine silk, prepared silk, 
nylon, or other nonabsorbable material add a 
sense of security, since it not infrequently occurs 
that the fine catgut sutures constantly bathed in 
the lochia absorb prematurely and cause separa- 
tion of the skin edges before healing has been com- 
pleted. Episiotomies are described as median 
when the incision is made in the perineal body in 
the median line, and as mediolateral and lateral, 
right or left, when the incision is placed on one 
side or the other of the median line. Since there is 
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more tension on the edges of the lateral incision 
than exists in the median, fine silk or nylon 
sutures offer a certain advantage in closing the 
skin in the former type of incision. Repair of re- 
cent injuries of the perineum is usually very satis- 
factory if in tying the deep sutures tension has 
been avoided. 

Intermediate repair of recent perineal injuries 
has never attained much vogue and has had but 
little place in the obstetrician’s armamentarium, 
since most lacerations and incisions are repaired 
at the time of childbirth. However, there are 
occasions when the condition of the parturient, 
because of a long, exhausting labor, hemorrhage, 
difficult delivery, and poor surroundings for per- 
forming immediate repair, makes it inadvisable to 
reconstruct the perineum at the time of the de- 
livery. In this group of patients the choice rests 
between intermediate repair and the performance 
of a gynecologic operation 3 months or more fol- 
lowing parturition after the perineum has been 
allowed to heal by scar tissue. Intermediate repair 
is commonly carried out 10 days after childbirth. 
The parts are prepared, with a nonirritating ger- 
micidal solution, the granulation tissue is curetted 
from the torn edges, and approximation is carried 
out by means of loosely tied sutures of fine catgut 
in the deep tissues and those of nonabsorbable 
material in the skin. 

The late repair of lacerations of the pelvic floor, 
with or without accompanying rectocele, is per- 
formed by the gynecologist or surgeon when heal- 
ing of the torn tissues has taken place by scar tis- 
sue and involution of the involved structures after 
parturition has been accomplished. It is a wise 
plan to allow at least 3 months to elapse after 
childbirth before such an operation is attempted. 
Neglected lesions, perineal lacerations, and a re- 
laxed vaginal outlet, with concomitant rectocele 
and enterocele, not infrequently come to the 
gynecologist or surgeon many years after the 
original accident, 25 and even 50 years sometimes 
having elapsed in my experience. Furthermore, 
perineorrhaphy is seldom performed as a single 
operation; rather, it is performed in connection 
with other operations for prolapse, in connection 
with hysterectomy, and with other gynecologic 
interventions. 

An examination of the nulliparous perineum re- 
veals that it is elastic, gives adequate support, and 
is not painful to palpation. In reconstructing the 
pelvic floor, the operator should aim, in so far as 
possible, to restore the parts to their original form. 
This purpose can be accomplished by layer approx- 
imation, without tension, of the tissues and by the 
employment of fine suture material; it is defeated 


by the approximation of all the structures in one 
layer by large nonabsorbable sutures. 


TECHNIQUE OF SECONDARY PERINEORRHAPHY 


Having previously described and illustrated the 
technique of the operation for complete tears of 
the perineum as I perform it (1, 2), I will limit my 
description at this time to the technique of per- 
forming late or secondary perineorrhaphy for in- 
complete tears. 

Preoperative preparation. Two nights before 
entering the hospital, the patient takes a saline 
cathartic, in the form of magnesium sulfate, so- 
dium phosphate, or solution of citrate of magne- 
sia. After the bowels have been thoroughly evacu- 
ated, she remains on a light diet until admission. 
The afternoon before operation the external gen- 
itals are shaved and gently scrubbed with gauze 
and tincture of green soap, particular attention 
being paid to the anus, to the folds about the 
vulva, and to the mons veneris. The parts are 
then rinsed with sterile water and with nonirritat- 
ing potassium mercuric iodide solution, 1:1000. 
A vaginal douche is given, consisting of 2 drachms 
(8 gm.) of compound zinc sulfate powder (National 
Formulary VII) in 2 quarts (2 liters) of warm 
water. A soapsuds enema is administered the 
afternoon or evening before operation, but not 
on the morning of operation. After the induction 
of anesthesia the parts are prepared in the operat- 
ing room by cleaning the external genitals with 
ether and painting them with tincture of zephiran 
and by painting the vagina with tincture of 
zephiran. In the presence of considerable vaginal 
discharge, the vulva and vagina are gently 
scrubbed with tincture of green soap and warm 
water, rinsed with 1:100co potassium mercuric 
iodide solution, and painted with tincture of 
zephiran. The sterile drapings are applied, and 
the anus is covered with a sterile gauze sponge 
which is held in place by means of two towel 
clips. 

Operative procedure. A self-retaining perineal 
retractor is used to spread the labia apart. Pref- 
erence is given to the Friedman type of retractor, 
but if this is not available, a Gelpi retractor may 
be used. Another satisfactory method of exposing 
the parts consists of using fine silk sutures held in 
hemostats on each side of the vulva and at the 
posterior commissure. The advantage of using 
self-retaining retractors is that this leaves the 
hands of the assistants unencumbered. The pelvic 
floor is opened at the mucocutaneous border; this 
may be done with Emmet scissors (Fig. 1), Mayo 
scissors, or a scalpel. The posterior margin of the 
incision is held in the median line with an Allis 
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Fig. 3 

Fig. 1. A Friedman self-retaining retractor is introduced 
and adjusted to expose the operating field. A strip of tissue 
at the mucocutaneous border is removed with Emmet scis- 
sors to expose the deep structures. 

Fig. 2. The vaginal edge of the incision is held with T 
forceps, and the posterior vaginal wall is separated from the 
rectum and the perineal muscles by sharp and blunt dissec- 


forceps, and the posterior vaginal wall is separated 
from the rectum and the perineal muscles by 
sharp and blunt dissection, using the gauze 
covered fingers (Fig. 2). In the illustration, for 
greater clarity, the gauze is not included. Figure 
3 shows this part of the dissection almost com- 
pleted, and Figure 4 shows the completed dissec- 
tion. The separation of the posterior vaginal wall 
from the rectum and the perineal muscles is 
facilitated by using a T forceps, which holds the 


Fig. 4 

tion by the gauze covered fingers. The gauze is omitted in 
the illustration for the sake of clarity. 

Fig. 3. The dissection is almost completed. The rectum 
and the perineal muscles are seen in the depth of the wound. 

Fig. 4. The dissection is completed. The crura of the 
pubococcygei muscles are seen deeply on either side of 
the rectum. 


vaginal wall firmly and does not slip. The peri- 
neum is then reconstructed by approximating four 
layers of tissue. The crura of the pubococcygei 
muscles, which are part of the levator ani muscles, 
are approximated in the median line by three 
interrupted sutures of No. o chromic catgut, to 
narrow the space between the anteromedial mar- 
gins of the levator ani muscles and to overcome 
the rectocele (Fig. 5). The second layer comprises 
the urogenital diaphragm, made up of the deep 
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Fig. 5 


Fig. 5. The crura of the pubococcygei muscles are ap- 
proximated with three sutures of No. o chromic catgut, 
levator suture. No. 1 chromic catgut may be used if there 
is much tension. 

Fig. 6. The crura of the pubococcygei muscles have been 
approximated. This step of the operation has narrowed the 
space between the anteromedial margins of the levator ani 
muscles and overcome the rectocele. Three sutures of No. 0 


transversus perinei muscle and its covering fas- 


ciae. Three sutures of the same material are 


placed in these structures and left untied (Fig. 6). 
A triangle of the posterior vaginal wall with the 
apex at the crest of the rectocele is resected. When 
there is considerable redundancy, this is facilitated 
by the use of Ochsner clamps on each side, but 
they may be omitted if the opposite condition 
exists (Fig. 7). The vaginal part of the incision is 
closed with interrupted sutures of No. o chromic 
catgut (Fig. 8) and the three sutures in the 
urogenital diaphragm are tied and cut. The skin 
edge is freed from the underlying scar tissue so 
that it can be approximated later without tension, 
an important desideratum when fine catgut is 
used in the skin (Fig. 9). The third layer, consist- 
ing of Colles’ fascia, is united with a continuous 
suture of No. oo chromic catgut (Fig. 10). The 
skin forms the fourth layer and is approximated 
with a running suture of No. oo chromic catgut, 
the ends of which are arrested with lead shots. At 
the lower angle of the skin incision, there is always 
redundant tissue, which, if not removed, appears 
as a protuberance. It is important to resect this 
tissue in order to leave a flat surface when the 
suture is completed (Fig. 11). At the completion 
of the operation of perineorrhaphy the only part 
that shows is the 2.5 to 5.0 centimeters of skin 


Fig. 6 Fig. 7 


chromic catgut are placed in the urogenital diaphragm, 
made up of the deep transversus perinei muscle and its 
covering fasciae, and left untied. The ends of these sutures 
are held in hemostats. 

Fig. 7. The excess of the posterior vaginal wall is re- 
sected in the form of a triangle, with the apex at the crest 
of the rectocele. Ochsner clamps are used on each side. The 
Ochsner clamps are omitted if the flap is small. 


which covers the operative field. Many operators 
pay little attention to this skin and in closing it 
leave dog ears, uneven surfaces, and a protuber- 
ance at the lower angle of the incision. Using 
lead shots instead of tying the sutures and resect- 
ing the skin at the lower angle of the incision re- 
sults in a flat, even surface, giving a satisfactory 
plastic result. The vagina is loosely packed with 
iodoform gauze, the end of which is held by a silk 
suture attached to the inner aspect of the thigh 
by a small piece of adhesive plaster. This step in 
the procedure greatly facilitates the finding of 
the gauze for removal at the end of 24 hours 
(Fig. 12). 

Postoperative care. Morphine and codeine are 
prescribed in sufficient amounts to allay pain. The 
suture line is painted with 4 per cent aqueous 
mercurochrome or aqueous solution of zephiran 
after each micturition and defecation. Forty- 
eight hours after operation a daily douche of com- 
pound zinc sulfate powder (National Formulary 
VII) 1 drachm (4 gm.) in 1 quart (1000 c.c.) of 
warm sterile water is given, and this treatment is 
repeated daily as long as the patient remains in 
the hospital. A No. 22 French male soft rubber 
catheter is used as a douche tip. If catheterization 
is necessary in the first few days after operation, 
great care should be used in separating the labia 
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Fig. 8 Fig. 9 


Fig. 10 


Fig. 8. The posterior vaginal wall is closed with interrupted sutures of No. o chromic cat- 


gut. 


Fig. 9. The skin is separated from the underlying scar tissue so as to remove all tension 
from the skin edges. A No. 15 Bard Parker blade is used in this dissection. 
Fig. 10. Colles’ fascia is approximated by a continuous suture of No. oo chromic catgut. 


to expose the urinary meatus, since the upper part 
of the incision is held by fine catgut sutures and 
may separate if force is used. The bowels are 
moved on the third postoperative day. A fairly 
generous diet is given on the fifth postoperative 
day. The patient is allowed out of bed on the 
morning of the twelfth day, and is discharged from 
the hospital on the fourteenth day after operation. 


STATISTICS 


From May 7, 1917, to June 30, 1944, approxi- 
mately 27 years, I have operated on 2,328 women 
for lacerations or incisions of the perineum. In 
this series there were 1,556 gynecologic or sec- 
ondary operations on the perineum and 772 ob- 
stetric or primary operations. 

The gynecologic or secondary repairs were clas- 
sified as follows: 


No. of 

cases 

Perineorrhaphy for incomplete laceration.......... 1448 
Perineorrhaphy for complete laceration........... 101 
Plastic operation to enlarge the vaginal introitus. . 6 
Excision of the sinus of the perineum............ I 


No. of 

cases 


Repair of lacerations varying from a small tear in 


the mucosa to a second degree tear......... 367 
Repair of third degree tear.................. 9 


Results. All these patients obtained satisfac- 
tory perineal support. During the days when 
large suture material was used, there was separa- 
tion of the superficial tissues in a small group of 
cases, the exact number of which was not deter- 
mined. In these patients healing was by second 
intention. 

Mortality. In this series of 2,328 cases there 
were 14 deaths, 12 gynecologic and 2 obstetric, a 
gross mortality of 0.6 per cent. The details of 
these deaths are given in the following case sum- 


mares. GYNECOLOGIC DEATHS 


Case 1. Operation was performed on August 2, 1921, 
and consisted of an amputation of the cervix (Sturmdorf), 
perineorrhaphy, supravaginal hysterectomy, and appendec- 
tomy. The patient died on August 4, of shock and myocar- 
ditis. 

Case 2. Operation was performed on January 10, 1925, 
and consisted of dilatation and curettage, bilateral trache- 
lorrhaphy, perineorrhaphy, supravaginal hysterectomy, 
double salpingo-oophorectomy, and appendectomy. The 
patient died on January 27, of erysipelas and pneumonia. 

Case 3. Operation was performed on March 22, 1920, 
and consisted of a vaginal hysterectomy and perineor- 
rhaphy. The patient died on March 27, of septicemia. The 
blood culture showed Streptococcus hemolyticus. 

Case 4. Operation was performed on May 3, 1930, and 
consisted of a radical cure of cystocele and perineorrhaphy. 
The patient died on May 15, of a pulmonary embolus. 
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Fig. 11 


Fig. 12 


Fig. 11. The skin is closed with a running suture of No. oo chromic catgut. The 
redundant skin, in the form of a protuberance at the lower angle of the incision is re- 
sected so that the skin edges will be flat. The use of lead shots prevents raising the skin 
edges, a condition which occurs when tying the skin suture. 

Fig. 12. The perineum has been reconstructed in four layers. The first layer con- 
sists of the pubococcygei muscles, the second layer of the urogenital diaphragm, the 
third layer of Colles’ fascia, and the fourth layer of the skin. A loose iodoform gauze 
pack is placed in the vagina for 24 hours. A silk thread is tied at the end of the 
gauze and held at the inner aspect of the thigh by a small piece of adhesive plaster 
to facilitate finding the end of the gauze for removal. 


Case 5. Operation was performed on May 6, 1930, and 
consisted of an anterior colporrhaphy, perineorrhaphy, and 
abdominal supravaginal hysterectomy. The patient died 
on May 11, of bronchopneumonia. 

Case 6. Operation was performed on June 5, 1934, and 
consisted of a perineorrhaphy and appendectomy with a 
midline incision. The patient died on June 14, of a pul- 
monary embolus. 

Case 7. Operation was performed on October 31, 1935, 
and consisted of a vaginal hysterectomy and _ perineor- 
rhaphy. The patient died on November 6; the autopsy 
showed peritonitis, secondary hemorrhage from the right 
ovary, and nephritic abscess. 

Case 8. Operation was performed on October 13, 1937, 
and consisted of an anterior colporrhaphy, perineorrhaphy, 
lysis of adhesions, and supravaginal hysterectomy. The 
patient died on November 16; she developed anuria on the 
twelfth postoperative day. This improved under treat- 
ment. She developed a submaxillary abscess on the right 
and Ludwig’s angina, and died as the result of infection 
over a month after operation. 

Case 9. Operation was performed on July 27, 1938, and 
consisted of a vaginal hysterectomy (Mayo type), perineor- 
rhaphy. Patient died July 29, of bronchopneumonia. 

Case 10. Operation was performed on September 29, 
1938, and consisted of a vaginal hysterectomy (Mayo type), 
repair of complete laceration of the perineum and reduc- 


tion of the prolapsed rectum. The patient died on October 
7, of cerebral hemorrhage. 

Case 11. Operation was performed on May 7, 1941, and 
consisted of a vaginal hysterectomy, fixation of the broad 
ligaments to the sides of the vagina, anterior colporrhaphy, 
and perineorrhaphy. The patient died on May 20, of 
coronary thrombosis. 

Case 12. Operation was performed on April 25, 1942, 
and consisted of dilatation and curettage, cauterization of 
the cervix and of the urinary meatus, anterior colporrha- 
phy, perineorrhaphy, and retrograde appendectomy through 
a median incision. Exploration also showed cholecystitis 
and cholelithiasis. The patient died on April 30, during an 
attack of gall-bladder disease. 


In this group of 12 patients, the perineorrhaphy 
was done as a complement of an extensive gyneco- 
logic operation. The deaths were due to the ex- 
tensive disease for which the main operations were 
performed rather than to the perineorrhaphy. In 
no case was the perineorrhaphy performed as a 
single operation. 


OBSTETRIC DEATHS 


Case 1. Delivery on July 7, 1928, and consisted of for- 
ceps to the head iin sight and repair of an old complete 
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laceration of the perineum, The patient died on July 10, of 
a massive pulmonary embolus. She had been out of bed for 
3 days and was preparing to leave for her home on the day 
of her death. 

Case 2. Delivery on September 14, 1940, and consisted 
of an attempted forceps, version and extraction, and a 
second degree perineorrhaphy on a primipara. The patient 
died on September 15, of postpartum hemorrhage, shock, 
and cardiac insufficiency. 

It was believed that the perineorrhaphy in the 2 obstet- 
ric deaths was not a major causative factor. 


CONCLUSIONS 


The success of the operation of perineorrhaphy 
depends on careful preparation of the operative 
field and the maintenance of a rigid asepsis; sharp 
rather than blunt dissection whenever feasible, to 
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avoid bruising the tissues; the approximation of 
the tissues in layers (we prefer four layers) rather 
than mass approximation, since this maintains 
suppleness and elasticity, as well as support, and 
avoids painful rigidity; employment of fine suture 
material and accurate approximation of the tis- 
sues without tension; and carefully planned and 
executed postoperative care. 

- series of 2,328 personal cases is reported in 
brief. 
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THE FASCIA OF THE DORSUM OF THE HAND 


BARRY J. ANSON, Ph.D. (Med Sc.), ROBERT R. WRIGHT, M.D., 
FRANKLIN L. ASHLEY, M.D., and JACK DYKES, M.D., Chicago, Illinois 


HE texture, contents, and relations of 

the fascial layers which cover the dor- 

sum of the hand are of interest alike to 

the anatomist and to the surgeon. 
Kanavel, in discussions which are essentially sur- 
gical, contributed more to our knowledge of the 
layers and spaces of the dorsum of the hand than 
does any anatomical account. In a recent study 
of these strata and the compartments bounded by 
them, the present authors made observations on 
manual structure which now allow them to add 
anatomic detail to Kanavel’s classical account. 
These will be described in detail and illustrated 
by selected dissections. 


MATERIALS AND METHODS 


The dorsal layers of the hand were studied in 
several specially dissected specimens, and then 
in more than twenty-five hands in the students’ 
laboratory. After the scheme of stratification had 
been established, two specimens were prepared 
for illustrations, one showing the layers opened 
from the surface inward (Fig. 1), the other depict- 
ing them as seen in cut-back section (Fig. 2). 


LITERATURE 


Of the various textbook accounts, that of Quain 
is the most satisfactory. Quain, however, de- 
scribes only two layers: the outer one is said to 
contain the dorsal annular ligament, and distally 
to become continuous with the extensor tendons 
on the fingers; the inner layer is stretched over the 
intermetacarpal spaces and is adherent to the 
subjacent bones and interosseous muscles. These 
two lamellae, according to Quain, are continuous 
with each other in the intervals separating the 
tendons at the digital clefts; between the two 
course the extensor tendons and their sheaths. In 
other standard textbooks, only the ligamentous 
thickenings are described, no mention being made 


. of the membranous structures. 


Mason and Koch, in their report on human bite 
infections of the hand, describe the dorsal fascia 
about the metacarpophalangeal joints with special 
reference to the spread of infections. 


Contribution no. 427 from the Anatomical Laboratory of 
Northwestern University Medical School. 

‘The present account is complementary to an earlier pa cr by 
Anson and Ashley (1940). 


In Kanavel’s treatise, based upon sectioned and 
injected material, areas of interfascial space are 
demonstrated. Since these spaces, two in num- 
ber, possess definite marginal boundaries, exudate 
can spread within them over the entire dorsal as- 
pect of the hand. The more important one of 
these superimposed compartments is situated be- 
neath the extensor tendons and upon the meta- 
carpal bones and the interossei. 


OBSERVATIONS AND DISCUSSION 


In studies of fascial and aponeurotic strata, 
such as those just described, the thicker layers 
stand out prominently on cut surfaces and appear 
as membranes bounding injected masses. How- 
ever, the layers may be clarified by careful dissec- 
tion, this procedure serving to establish continui- 
ties and to demonstrate regional differences in 
texture and attachment. 

The several strata which were invariably evi- 
dent in the authors’ specimens will now be con- 
sidered in succession, from the integument to the 
interosseous musculature.! 

Integument. The integument over the dorsum 
of the hand and digits (Figs. 1 and 2, layer A) is 
thin in a comparison with that of the palm. It is 
loosely attached to the underlying fascia, a cir- 
cumstance which permits of considerable freedom 
of movement of the skin over the subjacent tissues. 

Layer of superficial fascia. The superficial fas- 
cia of the dorsum of the hand is two-layered. The 
superficial layer is thin, and somewhat fatty in 
consistency (Figs. 1 and 2, at B); it contains only 
a few vessels which pierce it on their way to the 
skin. In spare specimens this layer is very thin 
and may be separately demonstrable over the 
entire dorsum of the hand. 

Deep layer of superficial fascia. The deeper 
stratum is almost always the more definite of the 
two. It is of uniform thickness over the entire 
dorsum of the hand (Figs. 1 and 2, at C). This 
layer transmits the superficial vessels and the 
cutaneous nerves. At the webs of the fingers and 
at the margins of the hand the two layers are no 
longer distinct; conjoined, they become continu- 

1The observations reported extend over several years, and al- 
though based upon separate dissections by each of the authors, 
are completely corroborative. Recently they were appraised anew 


by Delwyn Nowak, Prosector in Anatomy, whose observations 
on this and related areas will be reported at a later time. 
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M.interosseous 
dorsalisI 


Fascia 


profunda,. 


Fascia tendinurm’ 
(E) 


M. extensor digi- 
torum communis 
(tendons) 


Integumentum 


Fig. 1. 


M. abductor digiti V 


M. extensor digiti V 


~Fascia profu nda 
“Fascia superficialis 


‘Lig- carpi dorsale 


Layers of the dorsum of the hand. In the distal forearm the layers are shown 


in succession from the skin to the deep fascia; on the metacarpus they are exposed to 
skeletal level, by means of openings in the fascial strata. The two short arrows point 
to interdigital margins of deep fascia; the long arrow passes beneath the inner lamella 
of the deep fascia; the arrows pointing toward fifth metacarpal indicates the line of 
section of the cut end in Figure 2. The fascia of the interosseous muscle is lifted by 
thread; the superficial fascia is retracted as a tag in the fourth interdigital cleft, re- 
moved in the second cleft. Key to letters: A, integument; B and C, superficial and 
deep layers, respectively, of superficial fascia; D and F, supratendinous and infra- 
tendinous laminae, respectively, of deep fascia; £, fascia of tendons; G, interosseous 


fascia. 


ous with the superficial fascia of the palmar sur- 
face. 

A cleavage plane exists between the deep layer 
of the superficial fascia and the subjacent stratum 
(Figs. 1 and 2, between C and D). The latter 
forms a roof for the compartment occupied by the 
extensor tendons and their enveloping coats. 
The tissue of this cleavage plane is of areolar 
character and entry into it is more readily made 
than into the tissue which fastens the integument 
to the superficial fascia. It would, assumedly, be a 
plane along which an exudate would be prone to 
spread. The authors identify it as the outer 
dorsal space of Kanavel’s description. 

Supratendinous fascia. Upon reflection, then, 
of the deep layer of the bilaminar superficial fas- 
cia, the layer exposed is the roof of the compart- 
ment in which the long tendons are contained. It 
is non-fatty and very strong, and contains clearly 
visible fibers which contribute to it the appear- 


ance of a lesser aponeurosis (Figs. 1 and 2, at D). 
In respect to level the supratendinous fascia cor- 
responds to the palmar aponeurosis; comparably, 
too, it is continuous with the carpal ligaments, and 
with the antibrachial fascia. Ulnarward and ra- 
dialward near the wrist, the layer is attached to 
the carpal bones and to the second and fifth me- 
tacarpals—mainly through the dorsal carpal liga- 
ment which is lodged within its substance. These 
marginal attachments to bone could be regarded 
as the equivalents of the septa sent deeply to the 
metacarpals from the palmar aponeurosis on the 
opposite aspect of the hand. Distally the fascia 
fuses with the capsular tissue of the metacarpo- 
phalangeal joints, and with the periosteum on 
either side of each extensor tendon. Between dig- 
its the layer crosses the interspace to form a 
crenated margin at each of the four interdigital 
concavities (Fig. 1, at small arrows). Round the 
free edges the overlying superficial fascia of the 
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FASCIA OF DORSUM OF HAND 


Mm extensor digitorum comm. 
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pollicis long. 


M flex. pollicis brev 
M. add. pollicis brev 
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Fig. 2. Layers of the dorsal aspect of the hand, shown semidiagrammatically in 
section. The long flexor tendons and associated structures have been omitted from 
the palmar aspect. Layers lettered as in Figure 1. 


dorsum of the hand becomes continuous with the 
equivalent layer on the palm (Fig. 1, tag of fascia 
cut and held by forceps). Fusion of the supra- 
tendinous fascia (layer D) and the infratendinous 
fascia (layer F) occurs at the clefts between the 
fingers, over the phalanges and at the sides of the 
metacarpal part of the hand soas toforma definite, 
circumscribed, compartment (hereinafter). 

Fascia of extensor tendons. Under the layer just 
described, and resting upon another equally dis- 
tinct, there occurs a fascial investment for the 
extensor tendons and their synovial sheath (Figs. 
1 and 2, at E). Marginally it is a single layer, but 
when tendons are encountered it splits to enclose 
them. The layer is thin, yet readily dissectable. 
When exposed by reflection of the supratendinous 
fascia, it appears as a fascial plate attached me- 
dially and laterally to the compartment’s wall. It 
is lost distally where, at each metacarpophalan- 
geal joint, it becomes part of the fibrous invest- 
ment of the dorsal tendinous expansion; proxi- 
mally it is prolonged on the extensor tendons to 
become, in the forearm, the perimysial invest- 
ment of the extensor muscles. In passing from the 
manual into the antibrachial region, this envelop- 
ing fascia for the tendons lies beneath the dorsal 
carpal ligament—which latter is a locally special- 
ized part of the supratendinous fascia; it rests 
upon an equally strong layer, which, for purposes 
of convenience in recording topographical succes- 
sion, may be referred to as the infratendinous 
fascia. 

Infratendinous fascia. The infratendinous fas- 
cia is the firmest layer on the dorsum of the hand 


(Fig. 1, at F; lifted by forceps on radial side of 
hand). The layer is situated next below the thin 
fascial envelope of the tendons. Over the carpus 
the infratendinous fascia is fused with the perios- 
teum and ligaments of the carpal bones. At the 
level of the carpometacarpal joints the fascia be- 
comes a distinct layer, bridging the metacarpal 
bones. There it is fused laterally to the dorsum of 
metacarpal II and medially to metacarpal V. In 
these areas it then continues its spread margin- 
ally, where in conjunction with the supraten- 
dinous fascia, it becomes the investing fascia of 
the first dorsal interosseous and of the abductor 
of the fifth finger, on the radial and ulnar sides of 
the hand, respectively. On its deep aspect the 
fascia, in some specimens, is attached to the other 
metacarpal bones (namely, III and IV), with the 
result that the subjacent space—between the in- 
fratendinous layer and that covering the interos- 
seous muscles—is locally and partially subdivided 
into lesser spaces. 

Thus, the supratendinous fascia and infraten- 
dinous layer, fused along the sides and the distal 
extremity of the metacarpus, are the walls of a 
compartment in which the extensor tendons are 
suspended by a special membranous sheet which 
subdivides the whole compartment into two super- 
imposed portions. At the wrist, where the outer 
(supratendinous) layer is continuous with the 
antibrachial fascia, across the dorsal carpal liga- 
ment, and the inner layer is continuous with the 
bones, ligaments, and articular capsules at the 
wrist-joint, the compartment is essentially closed 
through fusion of the constituent layers with the 
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ligamentous walls of the several canals which 
transmit the extensor tendons into the hand. 
Within these canals the tendons are covered by 
their separate portions of the layer which, as a 
fascial plate, splits to enclose them in the hand. 
Since these segregated portions are then pro- 
longed into the forearm to become perimysial 
investments of the extensor muscles, the fascia of 
the tendons would be expected to be separate 
from the surrounding walls of the canals. Actu- 
ally, however, some fusion occurs, so that the ca- 
pacious dorsal compartment is not continuous 
with the antibrachial spaces which lie within the 
dorsal sleeve of fascia. , 

Interosseous fascia. The interosseous stratum 
is immediately beneath the infratendinous layer, 
and can be separated from it by blunt dissection 
(Fig. 1, at G; lifted by hook). A loose areolar tis- 
sue, sometimes containing a slight amount of fat, 
separates these two layers of fascia. The interos- 
seous fascia is fused with each of the metacarpal 
bones and is intimately adherent to the interosse- 
ous muscles, which take their origin in part from 
its deep aspect. The layer is thin, and is essen- 
tially a perimysium for the interossei, similar to 
that which surrounds the sacrospinalis muscle 
within the lumbodorsal aponeurosis and the rec- 
tus muscle within its sheath. Distally, the fascia 
ensheathes the tendons of the interossei, finally 
reaching the dorsal tendinous expansions of the 
digits. In so doing, it fuses with the several layers, 
previously described, which are carried outward 
upon the extensor tendons. 


CONCLUSIONS 


Conventional accounts of dorsal manual struc- 
ture describe only two layers, situated at sub- 
cutaneous and at osseous levels. These are termed 
superficial and deep fasciae. But in careful dis- 
sections of the hand, a much more complex ar- 
rangement of layers is encountered, related chiefly 
to the extensor tendons. 

Both the superficial fascia and the deep fascia 
are bilaminar. The layers of the superficial are, 
like the corresponding strata, of the inguinal and 
other areas, fatty and membranous. The layers of 
the deep fascia are not only non-fatty, but heavy 
and sufficiently banded to be considered aponeu- 
rotic. These are placed upon and beneath the 
extensor tendons and the latters’ proper, fascial 
coat. The supratendinous layer is continuous, 
over the wrist, with the antibrachial fascia; in it 
is lodged the dorsal carpal ligament; the infraten- 
dinous layer rests upon the bones of the hand. 
Whereas, then, in the forearm, the deep fascia is 
a sleeve for the extensor muscles—between adja- 


cent members of which set it sends septa inward to 


osseous level—in the hand it forms a compart- | 


ment for the tendons of the same muscles, assum- 
ing the character of an envelope flattened against 
the metacarpal bones and intervening (interosse- 
ous) muscles. To either side of the long tendons 
on the dorsum of the hand, these two layers of the 
deep fascia fuse; thus, while the deep fascia is 
bilaminar through the greater part of its manual! 
extent, it is single-layered on the ulnar and radial 
sides of the carpus. In the former situation it be- 
comes the investing fascia of the first interosseous 
muscle, while in the latter position it serves simi- 
larly for the abductor of the fifth digit. Distally 
the two meet at metacarpophalangeal level to 
close the compartment in front; on the phalanges 
prolongations enclose, and fuse with, the dorsal 
tendinous expansions; proximally their fibrous 
tissue becomes part of the ligamentous tissue lin- 
ing the sulci on the extremities of the radius and 
ulna. 

In the antibrachial region the extensor muscles 
are closely invested by a perimysial sheath. Com- 
parably, in the dorsal manual compartment 
(formed by splitting of the deep fascia), the peri- 
mysial tissue is broadened to produce a thin 
transverse septum which splits to enclose the 
extensor tendons; it is fastened at each side by 
attachment to the side walls of the compartment, 
where the supratendinous meets the infratendi- 
nous layer of fascia. It is the immediate covering 
of the synovial sheaths. 

The infratendinous layer of the deep fascia 
serves also as a thick sheath for the interosseous 
muscles. As in the structure of sheaths generally, 
the layer next below—immediately covering the 
muscles—is thin. Just as the rectus muscle within 
its aponeurotic sheath is surrounded by a layer of 
perimysial nature, so the interossei, below the in- 
fratendinous stratum, are covered by an exces- 
sively thin fascia. Over the metacarpal bones the 
interosseous fascia fuses with the periosteum; at 
the carpometacarpal and metacarpophalangeal 
joints the layers become part of the capsular tis- 
sue of the articulations. 

The present authors would identify the super- 
ficial-and deep spaces of Kanavel’s description as 
the areolar planes above and below the layers of 
the dorsal compartment; one of these would be 
situated between the deep layer of superficial fas- 
cia and the supratendinous division of the deep 
fascia, while the other would be found between 
the infratendinous portion of the deep fascia and 
the fascia of the interosseous muscles. Both of 
these spaces are separate from the dorsal compart- 
ment; neither corresponds structurally to the 
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midpalmar compartment on the opposite aspect 
of the hand. 

In the most frequent type of infection of the 
lorsum of the hand, as described in the excellent 
iccounts by Kanavel, Mason, and Koch, the 
spaces, not the compartment, would be affected. 
'n infections caused by lacerating injuries in the 
arpal region, however, it would be expected that 
he synovial sheaths and the surrounding com- 
yartment would be involved. Such cases should 
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be studied further in relation to the arrangement 
of dorsal manual strata. 
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A METHOD FOR THE SURGICAL OBSTRUCTION OF 
THE FALLOPIAN TUBE 


Animal Experimentation 


EARL GEORGE KRIEG, M.D., Detroit, Michigan 


N a comprehensive review of the subject of 
surgical obstruction of the fallopian tube, 
Reis has shown that there has been a vari- 
able but disturbing number of failures re- 

ported by various investigators. In each case of 
jailure a communication has been re-established 
between the abdominal and uterine cavities. A 
number of explanations have been offered as to 
how this has been accomplished. 

The more outstanding conservative methods in 
use today have favored the obstructing of the 
genital canal at some point in the fallopian tube. 
The Madleiner technique, or some modification 
thereof was most frequently used. Resection of 
the cornua followed by some method of burying 
the distal tubal end into the surrounding tissues 
was second. Mikulicz and Dickerson each re- 
ported methods which produced stricture of the 
cornual end of the tube from within the uterine 
cavity which reduced these operations to an office 
procedure. More recently Power and Barnes have 
reported the production of stricture of the salpinx 
by means of an electrode introduced through a 
laparoscope. The procedure of choice from the 
standpoint of simplicity and ease of performance 
is still that of crushing and tying of a tubal seg- 
ment. The three latter authors have presented 
methods whose principle of destroying the mucous 
membrane layer in order to allow fibrosis is in 
accord with the work which is presented in this 
paper. 


From the Department of Experimental Surgery, Wayne Uni- 
versity Medical School, Dr. Charles G. Johnston, director. 


The present investigation set forth primarily a 
simple modification of the Madleiner technique 
designed to eliminate the failure of closing the 
passage completely. Second, the study illustrated 
several probable causes of failure in the original 
technique. 

The cornua of medium sized bitches compared 
favorably in structure with that of the human 
salpinx for these experimental purposes. The out- 
standing exception was the mucous membrane 
layer. In my opinion the endometrium in the dog 
should have resisted procedures designed to pro- 
duce stenosis to a greater degree than would the 
mucous membrane of the fallopian tube. 

The method used in each experiment was com- 
posed of two procedures. First, each cornua was 
crushed by forceps in 2 areas, thereby forming a 
closed segment about 1.5 centimeters in Jength 
and a heavy silk ligature was tied firmly around 
the crushed area. Second, the lumen of the seg- 
ment thus produced was injected with a sclerosing 
solution. 

Nineteen animals divided into four greups were 
used. With the following exceptions, the standard 
procedure described was performed upon each 
cornu. In experiments Nos. 166, 167, 171, 173, 
175, the segments were tied tightly without pre- 
liminary crushing. In experiments Nos. 282 and 
303, an additional crushing with suture was placed 
distal to the standard procedure for comparison. 
At the end of each experiment the entire uterus 
was removed, and air under heavy pressure was 
injected into the cervix; when the result was ques- 
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Fig. 1. Photomicrograph No. 171. Re-establishment of 
lumen following ligature without crushing; intact endome- 
trium; partial fibrous tissue replacement of muscle tissue. 


tionable, lipiodal was injected and x-ray pictures 
were made. After the specimens were fixed, serial 
sections were made and studied. All specimens 
except the first 3 were sectioned longitudinally. 


CRUSHING 


The importance of crushing was emphasized in 
experiments Nos. 166, 167, 171, 173, 175. These 
animals represented 20 consecutive ligations with- 
out primary crushing of the cornua. All re-estab- 
lished a patent lumen. The gross appearances 
revealed constricted areas in which the ligatures 
were buried. Microscopical examinations revealed 
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various degrees of replacement of muscle fibers b) 
fibrous tissue in the areas of ligation, an intac: 
endometrium and a distinct lumen of diminishe:' 
caliber opposite the ligature. An example wa- 
seen in photomicrograph, Figure 1. It would ap 
pear that the lumen was re-established followin. 
atrophy of the muscle layers which allowed sui 
ficient relaxation within the ligature to permit 
return of patency to the lumen. In the remainin. 
14 animals representing 56 ligations, 7 instance, 
of patency through the ligatured areas were foun: 
in 5 dogs (Nos. 304, 314, 147, 250, 350) whe 
crushing preceded ligation. (See illustrative phx 
tomicrograph No. 314R, Fig. 2.) A study of thes: 
serial sections has led me to believe that th. 
crushing trauma must sufficiently involve the mu- 
cous membrane to insuie adequate fibrosis across 
the lumen. 

Upon two occasions the rapid application of the 
forceps to produce crushing was found to shear 
the wall in such manner as to cause a small per- 
foration through which the sclerosing agent es- 
caped. This accident was a probable cause of fis- 
tula in the original technique with resultant failure. 


SOLUTIONS 


The solutions were injected into the lumen oi 
the segment with a No. 24 gauge needle until 
“ballooning” occurred. The tension of the solu- 
tion was maintained for about 20 seconds to pre- 
vent regurgitation of the solution through the 
needle puncture. 

Quinine hydrochloride and urethane were used 
to inject 4 segments (2 dogs); sodium morrhuate 
was used in 6 segments (3 dogs); Carnoy’s solu- 


Fig. 2. Photomicrograph No. 314R. Patency opposite suture. Total destruction 
of the endometrium with fibrosis in the segment between the sutures. 
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Fig. 3. Photomicrograph No. 324. Changes produced by Carnoy’s solution during 
estrus. Destruction of a portion of endometrium. 


tion and phenol solutions were used in 14 seg- fibrous tissue; (c) the degree of closure of the en- 
ments (7 dogs) each. The effectiveness of the tire lumen of the segment. 

solutions was judged by the following microscopi- Carnoy’s solution produced the most extensive 
cal pictures: (a) the degree of destruction of the changes. In all 7 dogs, except 1, there was total 
endometrium; (b) the degree of replacement by destruction of the endometrium with complete 


Fig. 4. Photomicrograph No. 147. Changes produced by phenol solution 75 per cent. 
Complete fibrosis between sutures. 
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Fig. 5. Photomicrograph No. A. Accumulation of estral 
fluid above the areas of ligation. Fibrous closure of the 
segments between the sutures. 


closure of the lumen of the entire segment by 
fibrous tissue. (See illustrative photomicrograph 
No. 314R, Fig. 2.) In the exception, No. 324, 
there was complete closure at the ligatured areas 
but areas of normal endometrium and a partial 
lumen could be seen. The cornua was greatly en- 
larged by estrus at the time of operation (Fig. 3). 
Examples of return of patency through the liga- 
tured areas with closure of the lumen between 
these areas was shown in photomicrograph No. 
314R (Fig. 3). 

Phenol solutions were judged a close second. 
The changes progressed more slowly after injec- 
tion, and there were 4 instances when the lumen 
was patent through the ligatured area (Nos. 304, 
147, 250, 350), although closure of the lumen 
within the segment was obtained in all instances. 
The 75 per cent solution of phenol was favored 
(No. 147R, Fig. 4). 

Quinine hydrochloride and urethane and _ so- 
dium morrhuate solutions produced only mild 
reactions and were considered inadequate. 


RESULTS 

No gangrene of tissue occurred in any of tl] 
segments following our technique. Four segmen) 
were involved externally by a few minor adh 
sions. In the sections of dog No. 173, one of t) : 
sutures was found in the lumen of the segmen 
Several dogs passed through a period of estru . 
producing cystic areas or hydrosalpinx in the se; - 
ments between the sutures or above them (Fig. 5 . 


SUMMARY 


The experiment has demonstrated the folloy 
ing: 

1. Adequate trauma must involve the mucous 
membrane layer in order to produce stenosis «/ 
the cornua in the dog. 

2. The degree of physical trauma was difficu | 
to gauge when induced by crushing. 

3. The addition of chemical trauma produce:| 
a satisfactory result in all experiments. 

4. The sclerosing solution must be adequate. 
Carnoy’s solution and 75 per cent phenol solution 
were satisfactory. 

b* 5. Several causes of failure occurring in the 
original technique of Madleiner were suggested: 

a. Absorbable suture does not remain in place 
a sufficient length of time. 

b. Simple tying without preliminary crushing 
does not traumatize the mucosa sufficiently. 

c. Rapid crushing may cause shearing with re- 
sultant fistula formation. 

d. Heavy cornual musculature which is present 
during pregnancy or estrus may lead to incom- 
plete crushing. 
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THIOURACIL 


HIOURACIL is a drug of positive 

action in reducing thyroid toxicity, 

but unless carefully administered, it 
is capable of producing disastrous complica- 
tions and even fatalities. All information ob- 
tained by practical experience should, there- 
fore, be made available at the earliest possible 
time to those now employing it or likely to em- 
ploy it. So far its manufacturers have supplied 
the drug entirely for experimental use. Whether 
or not it will be put on the market for general 
use soon, I do not know, but it seems likely 
from information at hand that it will not be so 
available for at least a year. 

Dr. Elmer C. Bartels, of the department of 
medicine of this clinic, in co-operation with 
the surgeons in the clinic, has now adminis- 
tered thiouracil to 200 patients with severe 
hyperthyroidism who were being prepared for 
thyroid surgery and we have all watched the 
results with interest and profit. 

Given in proper doses over a sufficient period 
of time, thiouracil has in our hands never 


failed to reduce the metabolic rate to normal. 
We have seen no patients in whom it was im- 
possible to reduce the metabolic rate with 
thiouracil. Whether or not the remission pro- 
duced by thiouracil in hyperthyroidism is 
temporary or permanent, only time will tell. 
This point cannot be settled until we know 
how many recurrences take place when the 
drug is withdrawn and how long the patients 
in whom a remission has been produced remain 
in remission. 

While we wait for this proof, we should take 
advantage of the fact that in a patient very 
ill with hyperthyroidism, thiouracil, if ad- 
ministered over a long enough period and in 
proper dose, will bring the metabolic rate to 
normal. The patient goes to operation in a 
nontoxic state, and recovers from subtotal 
thyroidectomy with as little postoperative re- 
action as occurs in patients with nontoxic 
adenomas. In other words, with the proper 
administration of thiouracil, fatalities from 
operations on toxic patients should be elimi- 
nated, postoperative storms should disappear, 
and multiple stage thyroid operations should 
not be necessary. 

We have learned that thiouracil should not 
be given unless the patient can be seen at least 
every ten to fourteen days and blood examina- 
tions made against the possibility of the onset 
of agranulocytosis. At least fourteen deaths 
have been reported in the literature from agra- 
nulocytosis after administration of thiouracil. 

Letters have been received from surgeons in 
all parts of the United States who complain 
bitterly that thiouracil makes the operation of 
subtotal thyroidectomy difficult because after 
it is used the gland becomes so friable that it is 
impossible to control bleeding adequately and 
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impossible to make hemostats and double 
hooks hold within the gland. We have had 
this same experience. Dr. Bartels has over- 
come this difficulty by first lowering the meta- 
bolic rate with thiouracil and then giving 
iodine during the last three weeks of the period 
of preoperative preparation. He has learned 
that, on 0.6 gram of thiouracil daily, it will 
take about the number of days to bring the 
basal metabolic rate of patients with hyper- 
thyroidism to normal as the basal metabolic 
rate is above normal. For example, in a pa- 
tient with a basal metabolic rate of +45, it 
will take about seven weeks. In such a case, 
thiouracil is given daily for the first six weeks 
but is not given during the last week. Iodine 
is combined with thiouracil for the third and 
second of the last weeks of its administration, 
and is given alone, with no thiouracil, during 
the last week. An article on this subject has 
been published in the Clinic Bulletin.* 

There are a few things which should be 
mentioned regarding our experiences with 
agranulocytosis. Dr. Bartels has seen agran- 
ulocytosis appear seven days after cessation of 
the administration of thiouracil. He has seen 
agranulocytosis appear in the ninth month in 
a patient having treatment with thiouracil 
when the dose was but 0.05 gram daily. The 
onset of agranulocytosis should, if possible, be 
discovered early and combated vigorously 
with the administration of penicillin, pyri- 
doxine, and liver. Combining pyridoxine with 
thiouracil may offer at least the possibility of 
lessening or avoiding the incidence of agran- 
ulocytosis. We wish to call attention to a 
fatality which has occurred at home in a pa- 
tient under treatment with thiouracil in this 
clinic. This patient, in the presence of a be- 
ginning agranulocytosis, developed a strep- 
tococcic sore throat which was not recognized 
early enough, and died within three days. 


*Lahey, F. H. Lahey Clin. Bull., 1944 (July), 4:2-3. 


A summary of our experiences with the drug 
is presented so that others may avoid some 
of the difficulties we have had with thiouracil. 

1. Thiouracil in proper dosage over a suf- 
ficient period of time will bring the metabolic 
rate to normal. 

2. Thiouracil is a dangerous drug and its 
administration requires close supervision. Pro- 
duction of agranulocytosis in unsupervised 
cases has and will produce fatalities. 

3. The preoperative use of thiouracil and 
iodine has made it possible for us to avoid 
fatalities and to eliminate multiple stage 
operations in the surgical treatment of toxic 
goiter. 

4. Thio -acil produces most unfavorable 
operating conditions in the thyroid gland 
when administered without iodine to patients 
being prepared for thyroid surgery. 

5. Ina patient with hyperthyroidism who 
is given thiouracil until the metabolic rate is 
brought practically to normal and is then 
given iodine, the thyroid gland involutes as 
does the thyroid gland in a patient with an 
exophthalmic goiter who has been given iodine ; 
thus ideal operating conditions are produced, 
and the advantages of both thiouracil and 
iodine are obtained. 

6. The appearance of agranulocytosis on 
continous treatment with small doses of thi- 
ouracil is reported; the appearance of agran- 
ulocytosis seven days after the administration 
of thiouracil had ceased is reported, as is a 
fatality in a patient receiving thiouracil at 
home when a streptococcic sore throat was 
superimposed upon a beginning agranulocyto- 
sis. 

7. Only time will prove how valuable thi- 
ouracil is in producing permanent remission in 
hyperthyroidism. At the present time it is our 
opinion that it will not produce lasting and 
permanent remission from toxicity. 

FRANK H. LAney. 
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